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PREFACE. 


IT  has  been  the  desire  of  the  authors 
to  condense  into  a  small  compass  in  the 
following  pages  a  statement  of  the  gen- 
eral principles  of  ventilation  and  of 
their  application  to  different  kinds  of 
buildings. 

No  claim  to  originality  is  made  except 
for  the  form  in  which  the  subject  is  pre- 
sented, and  due  credit  is  intended  to  be 
given  for  any  extracts  or  quotations  from 
the  works  of  others.  The  authors  of* 
this  little  book  believe  that  while  there 
are  excellent  comprehensive  treatises  and 
manuals  on  both  the  science  and  the  art 
of  warming  and  ventilating  buildings  for 
those  who  wish  to  investigate  either  ex- 
haustively, there  is  room  also  for  a  primer 
in  the  subject  for  those  who  wish  to  be 
told  simply  and  briefly  what  is  to-day 
considered  the  best  practice. 
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The  subject  matter,  in  about  the  form 
here  presented,  has  formed  the  basis  of 
one  part  of  a  series  of  lectures  by  the 
authors  in  the  Department  of  Architect- 
ure of  the  University  of  Pennsylvania, 
the  details  of  that  phase  of  the  subject 
which  relates  to  the  mechanics  of  venti- 
lation having  been  purposely  omitted,  as 
they  are  discussed  in  another  volume  of 
this  series. 

It  is  hoped  that  the  book  may  prove 
useful,  not  only  as  a  popular  presentation 
of  the  subject  for  the  general  public,  but 
also  as  a  suggestive  outline  in  architect- 
ural, engineering  and  other  schools  in 
connection  with,  or  as  supplementary  to 
courses  of  lectures  which  are  introduc- 
tory to  the  whole  subject  of  the  ventila- 
tion of  buildings. 

THE  AUTHORS. 
PHILADELPHIA, 
January,  1906. 
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VENTILATION  OF  BUILDINGS. 


I.— GENERAL    PRINCIPLES    OF 
VENTILATION. 


1.  IMPORTANCE  OF  VENTILATION. 

UNDER  modern  conditions,  and  with 
buildings  having  a  tight  construction 
and  a  relatively  small  accidental  in-leak- 
age  of  air,  the  question  of  providing  a 
sufficient  supply  of  air  becomes  an  im-r 
portant  one,  especially  in  the  case  of 
rooms  which  are  crowded  or  occupied 
continuously  for  many  hours. 

As  Billings  observes:*  "It  requires 
the  observation  of  the  effects  on  the 
health  and  life  of  a  number  of  men  ex- 
posed to  such  air  for  a  series  of  months 
or  years,  to  demonstrate  the  slow  but 

*  Billings,  J.  S.,  "Ventilating  and  Heating,"  1893,  Chap. 
VII.,  page  180. 
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certain  production  of  throat  and  lung 
troubles,  the  loss  of  energy  and  vitality, 
and  the  shortening  of  life  which  are  thus 
produced.  These  observations  have  been 
made  on  soldiers  occupying  ill-ventilated 
barracks  and  operatives  working  in  close 
workrooms,  and  comparison  of  these  re- 
sults has  shown  that  where  in  any  room 
occupied  by  human  beings  there  is  a  defi- 
nite, unpleasant  animal  or  musty  odor, 
perceived  by  a  person  whose  sense  of 
smell  is  of  the  usual  acuteness  and  who 
enters  from  the  fresh  outer  air,  the  con- 
tinued breathing  of  the  air  producing 
such  odor  will  be  injurious  to  health." 

In  certain  buildings,  where  the  results 
of  changing  from  poor  to  good  ventila- 
tion have  been  carefully  observed,  a 
marked  improvement  in  the  general 
health  of  the  occupants  has  been  mani- 
fest. For  example,  the  records  of  the 
United  States  Pension  Bureau  state  that 
"  just  prior  to  its  occupancy  of  the  pres- 
ent thoroughly-ventilated  structure,  the 
department  was  housed  in  numerous 
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small  and  poorly-ventilated  buildings, 
under  which  conditions  the  sickness  of 
employes  entailed  an  aggregate  annual 
loss  of  time  amounting  to  18,736  days. 
In  the  new  building  the  loss  immediately 
dropped  to  only  10,114  days,  a  reduction 
of  over  45  per  cent.  When  we  consider 
the  conditions  of  yearly  salary  under 
which  most  of  these  clerks  are  paid,  the 
financial  return  from  improved  ventila- 
tion is  emphatically  evident." 

Professor  S.  H.  Woodbridge,  of  the 
-Massachusetts  Institute  of  Technology, 
in  documents  relating  to  ventilation  sta- 
tistics, states  that  carefully  collected  data 
show  that  the  death-rates  have  been  re- 
duced by  the  introduction  of  efficient 
ventilating  systems  in  children's  hospi- 
tals from  50  to  5  per  cent.,  in  surgical 
wards  of  general  hospitals  from  44  to  13 
per  cent.,  in  army  hospitals  from  23  to  6 
per  cent. ,  and  in  prisons  from  80  to  8  per 
cent.  Even  among  horses  a  reduction 
has  been  made  from  19  to  1.5  per  cent, 
in  army  stables,  while  during  an  epidemic 
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the  rate  has  been  reduced  fully  80  per 
cent,  by  improved  methods  of  ventila- 
tion. 

2.    COMPOSITION    AND   IMPURITIES    OF 
THE  ATMOSPHERE. 

Atmospheric  air  is  a  mixture  composed 
of  about  79  parts  of  nitrogen  and  21 
parts  of  oxygen  by  volume,  and  in  10,000 
volumes  there  are  from  3  to  5  volumes 
of  carbonic-acid  gas. 

The  relative  purity  of  the  atmosphere 
is  generally  expressed  by  the  number  of 
parts  by  volume  of  carbonic-acid  gas, 
expressed  by  the  symbol  C02,  contained 
in  10,000  parts  or  volumes  of  air. 

The  proportion  of  this  gas  contained 
in  the  atmosphere  may  be  easily  deter- 
mined by  several  methods,  and  it  affords 
a  fairly  good  index  of  the  relative  num- 
ber of  micro-organisms  present.  It  is 
the  latter  which  cause  the  discomfort 
and  danger  to  persons  who  remain  for 
long  periods  in  an  atmosphere  containing 
a  large  proportion  of  C0a. 
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*  "  It  is  very  improbable  that  a  minute 
quantity  of  organic  matter  contained  in 
the  air  expired  from  human  lungs  has 
any  deleterious  influence  upon  men  wha 
inhale  it  in  ordinary  rooms.  In  ordinary 
quiet  respiration  no  bacteria  are  con- 
tained in  the  expired  air.  In  the  act  of 
coughing  or  sneezing  such  organisms  may 
be  thrown  out.  .  .  .  Air  is  contaminated 
by  minute  particles  of  dust.  .  .  .  Ex- 
periments in  hospital  wards  showed  that 
in  this  dust  there  were  micro-organisms- 
including  some  of  the  bacteria  which 
produce  inflammation  and  suppuration, 
and  it  is  probable  that  these  were  the- 
only  really  dangerous  elements  in  this  air. 

"The  experiments  made  on  animals 
compelled  to  breathe  air  vitiated  by  pro- 
ducts of  respiration  make  it  improbable- 
that  there  is  any  peculiarly  volatile 
poisonous  matter  in  the  air  expired  by 
healthy  men  and  animals  other  than  C02. 

*4t  Expired  Air  and  Problems  of  Ventilation,"  Apple* 
ton's  Popular  Science  Monthly,  Feb.,  1896.  Drs.  Billings,, 
Mitchell,  and  Bergey. 
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".  . .  Tuberculosis  and  pneumonia  are 
most  prevalent  among  persons  living  and 
working  in  unventilated  rooms.  These 
diseases  are  caused  by  specific  bacteria 
which  for  the  most  part  gain  access  to 
the  air-passages  by  adhering  to  particles 
of  dust  which  are  inhaled,  and  it  is  prob- 
able that  the  greater  liability  to  those 
diseases  of  persons  living  in  crowded  and 
unventilated  rooms  is  to  a  large  extent 
due  to  the  special  liability  of  such  rooms 
to  become  infected  with  the  germs  of 
those  diseases. 

* '  The  discomfort  produced  by  crowded, 
ill-ventilated  rooms  is  not  due  to  the  ex- 
cess of  C02  nor  to  bacteria,  nor  in  most 
•cases  to  dusts  of  any  kind.  The  two 
great  causes  of  such  discomfort — though 
not  the  only  ones — are  excessive  temper- 
ature and  unpleasant  odors.  The  cause 
of  the  unpleasant  musty  odor  ...  is 
Tinknown.  It  may  be  due  in  part  to  vol- 
atile products  of  decomposition  contained 
in  the  expired  air  of  persons  having  de- 
cayed teeth,  foul  mouths,  or  certain  dis- 
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orders  of  the  digestive  apparatus;  and  in 
part  to  volatile  fatty  acids  given  off  with 
or  produced  from  the  excretions  of  the 
skin. 

".  .  .  The  problem  of  securing  comfort 
and  health  in  inhabited  rooms  requires 
the  consideration  of  the  best  methods  of 
preventing  or  disposing  of  dusts  of 
various  kinds,  of  properly  regulating 
temperature  and  moisture,  and  of  pre- 
venting the  entrance  of  poisonous  gases, 
such  as  CO,  derived  from  heating  and 
lighting  apparatus,  rather  than  a  con- 
sideration of  simply  a  dilution  of  air  to 
a  certain  standard  or  proportion  of  C02 
present." 

It  will  be  noted  that  the  opinion  ex- 
pressed in  the  last  paragraph  is  quite  at 
variance  with  the  opinions  favoring  the 
commonly  accepted  method  of  maintain- 
ing a  certain  standard  of  purity,  based 
upon  the  amount  of  C02  present,  by  ad- 
mitting a  sufficient  volume  of  fresh  air  to 
dilute  the  foul  air  to  any  desired  degree. 
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3.  KEMOVAL  OF  DUST. 

To  secure  the  removal  of  dust,  cheese- 
cloth stretched  on  frames  is  commonly 
used,  but  to  be  effective  it  is  necessary 
that  the  area  be  large,  otherwise  the 
cloth  will  soon  become  clogged  with  dust 
and  the  flow  of  air  impeded.  It  is  well 
so  to  proportion  the  screen  that  the  ve- 
locity of  the  air  through  the  cloth  does 
not  exceed  60  feet  per  minute. 

Sometimes  the  air  is  washed,  by  caus- 
ing it  to  pass  through  a  coke-filter  over 
which  water  trickles;  and  in  other  cases 
the  air  is  brought  in  contact  with  fine 
sprays  of  water  from  specially  designed 
nozzles. 

4.  TESTING  THE  QUALITY  OF  THE  AIR. 

Several  methods  have  been  employed 
to  determine  directly  the  number  of  mi- 
cro-organisms present  in  air. 

*"  The  first  is  known  as  Hesse's  method, 


*Sir  Henry  E.  Roscoe,  "A  Lecture  on  Ventilation  of 
Schools,"  1889. 
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in  which  a  solid  medium  is  used  for  the 
nutrition  of  the  micro-organisms.  The 
principle  of  this  method  consists  in 
drawing  a  known  volume  of  air  through 
a  long,  wide  tube,  the  inside  of  which  is 
coated  with  Koch's  nutrient  gelatine 
peptone.  As  the  air  passes  through  the 
tube  the  micro-organisms  settle  on  the 
jelly,  and  in  the  course  of  a  few  days  de- 
velop into  colonies,  which  become  visible 
to  the  naked  eye  and  can  be  counted. 
The  second  method  is  that  proposed  by 
Carnelly,  the  air  being  aspirated  through 
a  sterilized  conical  flask  also  containing 
solid  sterilized  jelly.  The  micro-organ- 
isms fall  on  the  surface  of  the  sterilized 
jelly,  and  in  a  few  days  the  separate  col- 
onies due  to  each  special  organism  make 
their  appearance,  and  can  be  counted. 
In  the  third  method,  that  of  Percy 
Frankland,  the  air  is  drawn  through  a 
glass  tube  containing  two  sterilized  plugs 
of  glass  wool,  which  are  afterward  trans- 
ferred to  a  flask  containing  sterilized 
gelatine." 


1C 


As  these  methods  are  rather  too  refined 
for  ordinary  work,  the  carbonic-acid  test 
has  become  the  recognized  one,  owing  to 
the  ease  with  which  it  can  be  made,  and 
to  the  fact  that  the  results  show  closely 
enough  for  practical  purposes  the  quality 
of  the  atmosphere. 

One  of  the  best  methods  of  making 
this  test  is  to  take  six  clean,  dry  bottles, 
with  tight  stoppers,  having  a  capacity  of 
respectively  100,  200,  250,  300,  350,  and 
400  cubic  centimeters;  a  glass  tube 
having  a  capacity  of  exactly  15  cubic 
centimeters  to  a  given  mark;  and  a 
bottle  of  perfectly  clear,  fresh  lime- 
water,  as  the  apparatus  required.  The 
bottles  are  to  be  filled  with  the  air  to  be 
examined  by  means  of  a  bellows  or  a  hand- 
ball syringe.  To  the  smallest  bottle  15 
cubic  centimeters  of  the  lime-water  are 
to  be  added,  the  cork  put  in,  and  the 
bottleVell  shaken.  If  turbidity  appears, 
the  amount  of  carbonic  acid  will  be  at 
least  16  parts  in  10,000.  If  no  turbidity 
appears,  the  bottle  of  200  cubic  centi- 
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meters  is  to  be  treated  in  the  same  man- 
ner ;  turbidity  in  this  will  indicate  12 
parts  in  10,000.  In  similar  manner,  tur- 
bidity in  the  250  cubic  centimeter  bottle 
will  indicate  at  least  10  parts  in  10,000  ; 
in  the  300,  8  parts;  in  the  350,  7  parts; 
and  in  the  400,  less  than  6  parts.  .  The 
ability  to  conduct  more  accurate  analy- 
ses can  be  acquired  only  by  special  study 
and  a  knowledge  of  chemical  properties 
and  methods  of  investigation. 

Other  apparatus  and  tests  are  em- 
ployed which  are  more  convenient  than 
the  preceding,  and  give  fairly  close  re- 
sults. 

In  the  air  tests  designed  by  Dr.  Fitz 
of  Harvard  University,  a  measured  vol- 
ume of  a  colored  solution  known  as  phe- 
nolph  thalein  is  placed  in  a  tube.  This 
tube, of  telescopic  pattern,  when  elongated 
brings  a  known  volume  of  air  in  contact 
with  the  liquid. 

The  thumb  is  placed  over  the  end  of 
the  tube,  which  is  then  shaken.  If  the 
color  in  the  liquid  does  not  disappear, 
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the  telescopic  portion  is  pushed  down  to 
release  the  air,  and  again  drawn  ont  in 
order  to  bring  a  fresh  volume  in  contact 
with  the  liquid.  This  operation  is  re- 
peated until  the  color  in  the  liquid  dis- 
appears. 

The  tube  is  graduated,  the  marks  in- 
dicating cubic  centimetres,  and  a  table 
accompanies  the  apparatus  showing  the 
number  of  parts  of  C02  in  the  air  cor- 
responding to  various  volumes,  required 
to  cause  the  disappearance  of  color  in  the 
liquid.  Dr.  Fitz  considers  air  containing 
14  parts  of  C02  in  10,000  very  bad;  9 
parts,  bad;  7  parts,  fair,  and  5  parts,  good. 

Another  convenient  test,  giving  ap- 
proximately correct  results,  is  that  made 
by  the  use  of  what  is  known  as  "  Wol- 
pert's  apparatus." 

5.    PROPORTION  OF  CARBONIC-ACID 

GAS. 
I 

An  average  adult  at  rest  exhales  about 
480  cu.  in.  of  air  per  minute.  Woodbriclge 
puts  it  at  15  cu.  ft.  per  hour.  Of  this, 
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about  four  per  cent,  is  C02,  which,  though 
heavier  than  the  surrounding  air  when  at 
the  same  temperature,  tends  to  rise  be- 
cause of  the  higher  temperature  gained 
by  passing  through  the  lungs.  In  addition 
to  the  exhalation  from  the  lungs,  there 
is  given  off  from  the  body  considerable 
vapor,  which  must  be  absorbed  by  the 
surrounding  air. 

One  function  of  ventilation  is  to  so 
dilute  the  air  of  occupied  rooms  that  the 
proportion  of  C02  is  kept  within  certain 
limits. 

Ventilation  may  be  considered  good 
when  the  number  of  parts  of  C02  in  a 
room  does  not  exceed  from  6  to  7  parts  in 
10,000.  With  8  parts,  the  air  appears 
close  to  one  entering  froni  out-of-doors. 
When  the  C02  exceeds  10  parts  in  10,000, 
the  quality  of  the  air  is  noticeably  bad, 
and  produces  a  feeling  of  weariness  in  a 
person  breathing  it  for  some  time.  Con- 
tinuous breathing  of  musty  air,  that  is, 
air  noticeably  close-smelling  to  a  person 
entering  from  out-of-doors,  reduces  the 
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vitality  of  persons  breathing  it,  and  ren- 
ders them  more  susceptible  to  disease. 

6.    AMOUKT    OF    AIR-SUPPLY    NECES- 
SARY. 

The  volume  of  fresh  air  that  must  be 
supplied  to  keep  the  air  in  the  room  at  a 
certain  degree  of  purity  may  be  readily 
computed.  For  example :  What  volume 
of  air  must  be  supplied  to  an  occupied 
room  to  prevent  the  C02  from  exceeding 
7  parts  in  10,000?  Taking  as  a  basis 
the  commonly  accepted  figures  of  0.6 
cu.  ft.  as  the  amount  of  C02  given  off  per 
person  per  hour,  and  4  parts  in  10,000 
as  the  proportion  of  C02  in  the  outside 
air;  if  the  fresh  air  admitted  absorbs  3 
parts  to  reach  the  standard  of  7  parts  as 
explained  above,  3  cu.  ft.  of  C02  is  taken 
up,  which  is  equal  to  that  given  off  by 
3-^0.6=5  persons.  That  is,  10,000 
cu.  ft,  of  air  must  be  admitted  per  hour 
to  5  persons,  or  2000  cu.  ft.  per  hour 
per  person  in  order  that  the  number  of 
parts  of  C0a  in  10,000  shall  not  exceed  7. 
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By  similar  computations,  6000  en.  ft» 
per  hour  per  person  will  be  found  neces- 
sary to  dilute  the  air  to  5  parts  of  C02  in 
10,000  parts,  3000  cu.  ft.  to  dilute  it  to  6 
parts,  1000  cu.  ft.  for  7.33  parts,  1500 
cu.  ft.  for  8  parts,  and  so  on. 

Where  gas-lights  are  used,  an  addi- 
tional supply  of  air  must  be  provided, 
since  the  vitiation  of  air  caused  by  each 
jet  is  as  great  as  that  caused  by  five  or 
six  men. 

The  air-supply  commonly  accepted  as 
sufficient  for  different  classes  of  build- 
ings is  shown  by  the  following  table : 


Class  of  building. 

Cu.  ft.  per  hour 
per  occupant. 

Cu  .  ft.  per  min. 
per  occupant. 

Hospitals  

4000-6000 

66-100 

Court-rooms  

2000 

33 

Legislative  halls.. 
Theaters     

2000 
1500-1800 

33 
25-30 

HalJs  

1000-1200 

17-20 

Churches  

1000-1200 

17-20 

Schools  

1800-2400 

30-40 
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*  "The  quantities  of  air  which  should 
be  furnished  by  ventilating  means  can- 
not be  safely  based  solely  on  the  number 
of  those  to  occupy  the  rooms  to  be  pro- 
vided for.  .  .  .  The  smaller  the  per 
capita  space,  the  less  the  per  capita  air- 
supply  must  necessarily  be  made.  On 
the  other  hand,  the  larger  the  per  capita 
space,  the  greater  the  per  capita  supply 
required  to  maintain  the  agreeable  if  not 
the  wholesome  quality  of  the  air.  The 
most  active  and  dangerous  impurity  in 
the  air  of  occupied  enclosures  is  the  mat- 
ter of  organic  nature,  called  effluvia, 
thrown  off  by  the  body  through  its  pores. 
That  matter  rapidly  changes  in  charac- 
ter, passing  through  a  fermenting  and 
decomposing  to  a  putrescent  condition. 
The  longer  it  is  retained  within  a  room, 
the  worse  its  odor  becomes  and  the  more 
morbific  its  condition.  The  aims  of 
ventilation  should  be,  as  far  as  practica- 
ble, to  limit  atmospheric  impurities  to 

*Prof.  S.  H.  Woodbridge  in  Conn.  School  Document 
Ho.  13, 1898. 
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the  location  of  their  origin,  and  to  re- 
duce the  quantity  and  the  time  of  reten- 
tion of  such  impurities  within  an  inclo- 
sure  to  a  minimum.  In  proportion  as  the 
per  capita  space  of  an  inclosure  is 
greater,  the  quantity  of  such  matter  con- 
tained in  it  is  larger,  the  time  of  its  re- 
tention longer,  and  its  character  more 
offensive  and  harmful.  It  follows,  there- 
fore, that  the  more  sparsely  occupied 
rooms  of  a  building  are  those  to  which 
the  largest  per  capita  supply  should  be 
furnished. 

"Considering  only  the  permanent  ef- 
fects upon  health,  an  individual  air-sup- 
ply of  1000  cu.  ft.  per  hour  furnished  to 
a  crowded  audience-hall  having  but  100 
cu.  ft.  of  space  per  capita,  may  be  re- 
garded as  giving  as  good  ventilation  as  a 
3000  cu.  ft.  per  capita  supply  of  air  per 
hour  furnished  to  a  school-room  having 
a  300  cu.  ft.  per  capita  space." 


7.  DKAUGHTINESS. 

The  frequency  with  which  the  air  in  a 
room  may  be  changed  depends  upon  the 
possibility  of  introducing  it  without  caus- 
ing draughts. 

With  wall  registers  overhead,  it  is 
difficult  to  change  the  air  oftener  than 
every  five  or  six  minutes.  Even  then, 
great  care  must  be  taken  to  thoroughly 
distribute  the  supply.  This  is  done  in 
many  cases  by  means  of  ' 'cliff users  "  at- 
tached to  the  registers.  These  devices 
are  made  of  vertical  strips  of  metal, 
which  are  set  at  different  angles  and  thus 
cause  the  air  discharged  through  the  reg- 
ister to  spread  out  over  a  larger  area. 

In  regard  to  draughtiness,  it  may  be 
said  that  experiment  has  shown  that  a 
velocity  of  air  of  1^  ft.  per  second  is  not 
perceptible  to  the  senses,  and  a  velocity 
of  3  ft.  per  second  causes  no  discomfort. 

Accordingly,  in  seating  spaces,  care 
must  be  taken  to  prevent  air-currents 
from  exceeding  the  higher  velocity  stated. 
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In  school-buildings  and  halls,  into  which 
the  air  may  be  introduced  at  a  tempera- 
ture above  that  of  the  room  and -at  a  point 
considerably  above  the  heads  of  the  occu- 
pants, no  uncomfortable  draughts  need 
be  felt.  The  air  will  pass  across  the 
ceiling  until  the  exposed  walls  and  win- 
dows are  reached,  when  it  will  become 
chilled,  descend  to  the  floor  and  be 
drawn  through  the  seating  space  to  the 
vent  openings  located  near  the  floor. 

The  greatest  difficulty  in  preventing 
draughts  occurs  in  the  case  of  a  supply 
of  air  from  above,  which  must  be  brought 
in  at  a  temperature  below  that  of  the 
room,  as  in  the  case  of  a  crowded  hall 
having  little  or  no  exposure.  In  such 
cases  the  air  must  be  brought  in  through 
numerous  openings  of  relatively  small 
size. 

8.  COMPULSORY  VENTILATION. 

Massachusetts  was  the  pioneer  in  the 
matter  of  compulsory  ventilation.  In 
that  State  the  Department  of  Inspection 
of  Factories,  Workshops,  and  Public 
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Buildings  demands  that  the  following  re- 
quirements be  guaranteed  in  the  specifi- 
cations accompanying  plans  submitted 
to  the  Department  for  approval : 

1.  The  apparatus  must,  with  proper 
management,  heat  all  the  rooms,  inclu- 
ding  the   corridors,   to   70°  F.   in   any 
weather. 

2.  With  the  rooms  at  70°  F.  and  a  dif- 
ference of  not  less  than  40°  between  tho 
temperature  of  the  outside  air  and  that 
of  the  air  entering  the  room  at  the  warm- 
air  inlet,  the  apparatus  must  supply  at 
least  30  cu.  ft.  of  air  per  minute  for  each 
scholar  accommodated  in  the  rooms. 

3.  Such  supply  of  air  must  so  circu- 
late in  the  rooms  that  no  uncomforta- 
ble draught  will  be  felt,  and   that    the 
difference  in   temperature   between  any 
two  points  on  the  breathing  plane  in  the 
occupied  portion  of  a  room  will  not  ex- 
ceed 3°. 

4.  Vitiated  air  in  amount  equal  to  the 
.supply  from  the  inlets  must  be  removed 
•  through  the  vent  outlets. 


5.  The  sanitary  appliances  must  be 
so  ventilated  that  no  odors  therefrom 
will  be  perceived  in  any  portion  of  the 
building. 

The  laws  of  Pennsylvania  require  that 
schoolhouses  shall  have  in  each  class- 
room at  least  15  sq.  ft.  of  floor  space 
and  not  less  than  200  cu.  ft.  of  air 
space  per  pupil,  and  shall  provide  for  an 
approved  system  of  heating  and  ventila- 
tion by  means  of  which  each  class-room 
shall  be  supplied  with  fresh  air  at  the 
rate  of  not  less  than  30  cu.  ft.  per 
minute  for  each  pupil,  and  warmed  to 
maintain  an  average  temperature  of  70° 
F.  during  the  coldest  weather. 

The  New  York  State  requirements  are 
practically  .the  same,  and  provide  in  ad- 
dition that  the  facilities  for  exhausting 
the  foul  or  vitiated  air  shall  be  posi- 
tive and  independent  of  atmospheric 
changes. 
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9.   SPACE  PER  OCCUPANT  OF  BOOMS. 

The  space  provided  per  occupant  is 
obviously  an  important  matter,  and,  as 
noted,  is  one  of  the  provisions  in  the 
laws  governing  the  ventilation  of  schools. 
The  larger  cities  guard,  the  welfare  of 
tenement-house  dwellers  by  demanding 
certain  capacities,  heights,  and  window 
areas  of  rooms.  Thus  in  Philadelphia 
it  is  required  that 

"Every  habitable  room  in  every  such 
tenement-house  shall  be  of  such  dimen- 
sions as  to  contain  at  least  700  cu. 
ft.  of  air.  Every  habitable  room  in 
every  such  tenement-house  shall  be  in 
every  part  not  less  than  eight  feet  in 
height  from  floor  to  ceiling;  .  .  .  the  to- 
tal window  space  for  one  room  shall  not 
be  less  than  twelve  square  feet." 

The  Boston  Building  Laws  require 
that 

"  Every  room  in  every  tenement  or 
lodging  house  hereafter  built,  and  in 
every  building  hereafter  altered  to  be 
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used  as  such,  shall1  not  be  less  than  eight 
feet  in  height  in  the  clear  in  every  story, 
except  that  in  the  attic  it  may  be  less 
than  eight  feet  high  for  one  half  the 
area  of  the  room.  Every  such  room 
shall  have  one  or  more  windows  on  an 
open  air-space  with  an  area  at  least  one 
tenth  as  great  as  that  of  the  room.  The 
top  of  at  least  one  window  on  such  air- 
space in  each  room  shall  be  at  least  seven 
feet  six  inches  from  the  floor,  and  the 
upper  sash  of  the  same  window  shall  be 
movable." 

The  New  York  City  requirements  are 
as  follows:  The  height  of  rooms  must 
be  not  less  than  eight  feet,  and  the  total 
area  of  window  or  windows  in  every 
room  communicating  with  the  external 
air  shall  be  at  least  one  tenth  of  the  su- 
perficial area  of  such  room;  and  the  top 
of  one,  at  least,  of  such  windows  shall 
not  be  less  than  seven  feet  six  inches 
above  the  floor,  and  the  upper  half,  at 
least,  shall  be  made  so  as  to  open  the  full 
width. 
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Every  habitable  room  of  a  smaller  area 
than  one  hundred  superficial  feet,  if  it 
does  not  communicate  directly  with  the 
external  air,  and  is  without  an  open  fire- 
place, must  be  provided  with  special 
means  of  ventilation,  by  a  separate  air- 
shaft  extending  to  the  roof,  or  otherwise, 
as  the  board  of  health  may  prescribe. 

In  all  tenement-houses  hereafter  con- 
structed, and  buildings  hereafter  con- 
verted to  the  purposes  of  a  tenement- 
house,  each  room  must  have  a  separate 
window  opening  to  the  outer  air. 

Each  water-closet  room  must  have  a 
window  opening  to  the  outer  air,  and 
such  water-closet  in  closure,  if  provided 
with  a  ventilating  flue  or  duct,  may 
have  the  window  opening  on  any  court 
or  shaft  containing  at  least  twenty-five 
square  feet  in  area. 

Certain  minimum  requirements  abroad 
are  stated  in  the  following  schedule : 
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|.S 

Kind  of  building. 

|l| 

Authority. 

5  a 

General       school-  rooms 

(minimum  allowed) 

130 

London  School  Board. 

Graded    schools    (mini- 

mum allowed) 

117 

u          it           n 

Dundee    board     school, 

average 

152 

Common    lodging-house 

(sleeping-rooms) 

300 

Local  Govt.  Board. 

British     army    barracks 

(minimum) 

600 

Army  Regulations. 

Prisons,  seldom  under 

750-800 

Parkes'  u  Hygiene." 

Non-textile  workrooms 

250 

Factory  Act. 

Army  horses  (minimum) 

1GOO 

Army  Regulations. 

"          "  (in  infirmary) 

1900 

" 

In  this  country  the  per  capita  space  in 
churches  is  generally  300  cu.  ft.,  or  more. 
Schools  have  about  200  cu.  ft.  and  ordi- 
nary halls  frequently  have  only  100  cu. 
ft.,  or  even  less. 

10.  COST  OF  VENTILATION. 
The  relatively  great  cost  of  ventilation 
is  due  not  only  to  a  loss  of  heat  accom- 
panying the  escape  of  air  through  the 


32 

yent-flues  greater  than  would  be  the 
case  if  they  were  not  provided,  but  it  is 
also  due  to  the  fact  that  in  the  case  of 
mechanical  ventilation,  a  considerable 
part  of  the  expense  is  chargeable  to  the 
operation  of  the  fans,  driven  by  engines 
or  motors. 

The  relative  cost  of  steam  and  gas  en- 
gines, electric  and  water  motors,  depends 
upon  a  variety  of  conditions,  such  as  the 
steam-pressure,  quality  of  gas,  voltage, 
and  water-pressure.  In  a  general  way, 
however,  for  apparatus  of  10  horse-power 
or  less,  the  gas-engine  costs  much  more 
than  any  of  the  others.  The  steam- 
engine  and  the  electric  motor  do  not 
differ  greatly  in  first  cost,  and  the  water- 
motor,  in  comparison  with  the  others, 
is  very  inexpensive. 

As  to  the  running  expense,  gas-engine 
makers  claim  a  consumption  of  from  15 
to  17  cu.  ft.  of  gas  per  effective  horse- 
power. With  small  gas-engines  under 
ordinary  working  conditions,  the  con- 
sumption is  likely  to  be  double  this 


33 


amount,  or  more,  costing  with  dollar  gas 
four  or  five  cents  per  horse-power  per 
hour. 

It  is  not  uncommon  for  small  low- 
pressure  steam-engines  to  take  from  50 
to  75  Ibs.,  or  even  as  much  as  100  Ibs.  of 
steam  per  horse-power,  equivalent  to 
from  7  to  14  or  more  Ibs.  of  coal  per 
horse-power  per  hour,  and  costing  from 
1J  to  3^  cents  per  horse-power  per  hour. 
If  the  exhaust  steam  is  utilized,  however, 
it  matters  not  how  much  steam  the  engine 
consumes,  since  the  exhaust  steam  is 
practically  as  good  for  heating  purposes 
as  live  steam. 

A  common  meter-rate  for  electric  mo- 
tors is  equivalent  to  about  10  cents  per 
horse-power  per  hour,  which,  with  the 
discount  based  upon  a  sliding  scale,  ac- 
cording to  the  power  usefl,  is  not  far  from 
8  cents  per  horse-power  per  hour  for  a 
motor  of  moderate  size. 

Power  developed  by  water-motors  at 
ordinary  city  rates  varies,  according  to 
the  pressure,  from  30  to  40  cents  per 
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horse-power  per  hour, — a  prohibitive  rate. 
Of  course,  the  higher  the  pressure  the 
less  the  consumption  of  water,  and  the 
lower  the  cost. 

From  the  preceding,  it  may  be  said 
that  to  develop  each  horse-power  per 
hour  would  cost  roughly,  exclusive  of 
attendance,  5  cents  with  gas,  3  cents 
with  steam  when  the  exhaust  is  not  util- 
ized, 10  cents  with  electricity,  and  40 
cents  with  water,  these  figures  being 
based  upon  small  machines  under  ordi- 
nary working  conditions. 

Of  these  machines,  the  electric  and. 
water  motors  are  the  least  noisy,  and  also 
require  the  least  attention.  With  the  gas- 
engine  very  careful  treatment  is  neces- 
sary to  muffle  the  exhaust.  The  steam- 
engine,  if  of  heavy  pattern,  low  speed,  and 
in  proper  adjustment,  will  run  practically 
without  noise;  but  the  pulsations  of  the 
exhaust  should  be  diminished,  by  allow- 
ing the  steam  to  escape  into  a  receiver 
or  equalizing-chamber  before  passing  to 
the  exhaust-pipe  leading  to  the  roof. 
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11.  HUMIDITY. 

The  humidity  or  moisture  in  the  at- 
mosphere is  commonly  expressed  in  terms 
of  relative  humidity;  that  is,  complete 
saturation,  or  the  "dew-point,"  corre- 
sponds to  a  relative  humidity  of  100.  A 
fair  average  humidity,  in  what  is  consid- 
ered fine  weather,  in  northern  latitudes, 
is  about  70.  In  certain  sections  of  the 
country  it  is  often  much  lower,  and 
in  others  much  higher;  and  in  heated 
rooms  it  frequently  falls  to  one  third  of 
the  above.  Whether  or  not  these  low 
humidities  work  injury  to  persons  ex- 
posed* to  them,  is  a  question  in  regard  to 
which  the  opinions  of  investigators  differ. 

To  whatever  extent  it  may  affect  the 
health,  it  is  a  pretty  generally  accepted 
fact  that  air  which  is  too  dry  in  heated 
rooms  causes  sensations  which  are  not  as 
agreeable  to  a  healthy  person  as  air  con- 
taining a  greater  amount  of  moisture. 
Since  evaporation  cools  the  air,  and  the 
rate  is  more  rapid  when  it  is  dry  than 
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when  it  is  moist,  it  follows  that  to  secure 
the  same  degree  of  comfort  the  tempera- 
ture must  be  kept  at  a  higher  point  when 
the  humidity  is  low  than  when  it  is  high. 
To  increase  the  relative  humidity  ar- 
tificially, evaporating  pans  or  fine  sprays 
of  water  are  employed.  The  former  in 
their  simplest  forms  are  the  little  pans 
with  which  most  furnaces  are  equipped, 
but  which,  in  fact,  have  little  effect  upon 
the  large  volume  of  air  passing  through 
the  heater.  The  capacity  of  air  to  ab- 
sorb moisture  increases  rapidly  with  a 
rise  in  temperature.  For  example,  air 
at  70°  F.  will  absorb  approximately  eight 
times  as  much  moisture  as  air  at  *15°  F. 
Hence  if  the  air  at  the  latter  temperature 
had  a  relative  humidity  of  70,  it  is  quite 
evident  that  a  large  amount  of  water 
would  have  to  be  evaporated  to  give  the 
same  relative  humidity  to  the  air  in  the 
rooms.  To  evaporate  a  pound  of  water, 
1000  heat-units,  in  round  numbers,  are 
required;  and  since  only  from  8000  to 
.9000  heat-units  can  be  utilized  per  pound 
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of  coal  burned,  it  is  readily  seen  that 
to  increase,  to  any  extent,  the  relative 
humidity  of  air  supplied  to  a  building, 
an  amount  of  coal  must  be  burned  to 
evaporate  the  water  far  in  excess  of  what, 
at  first  thought,  would  be  considered 
necessary.  The  cost  of  artificially  rais- 
ing the  relative  humidity  in  rooms  to 
that  corresponding  to  June  weather  is 
not  the  only  drawback,  experimenters 
having  found  that  with  a  relative  humid- 
ity in  rooms  of  much  over  30,  and  an 
outside  temperature  of  0°  F.,  the  windows 
become  thickly  coated  with  frost,  due  to 
the  condensation  of  moisture  on  them. 

12.    COOLIKG    THE    AlR. 

For  cooling  air  on  a  small  scale,  ice 
may  be  conveniently  employed.  Each 
pound  in  melting  absorbs  about  142  heat- 
units;  and  since  1  heat-unit  absorbed 
from  the  atmosphere  will  lower  the  tem- 
perature of  approximately  55  cu.  ft.  of 
air  1°  F.,  it  is  a  simple  matter  to  com- 
pute how  much  ice  must  be  melted  to 
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cool  a  given  volume  of  air  a  certain  num- 
ber of  degrees. 

Chilling  the  air  reduces  its  capacity 
for  absorbing  moisture,  and  increases  its 
relative  humidity. 

An  excess  of  humidity  causes  dis- 
comfort, and  hence  air-supply  systems 
are  sometimes  arranged  to  pass  the  air 
over  trays  of  chloride  of  calcium,  which 
has  a  strong  affinity  for  moisture,  and  to 
thus  dry  the  air,  after  passing  it  over  the 
ice  and  before  allowing  it  to  enter  the 
rooms. 

For  large  plants  a  refrigerating  ma- 
chine should  be  used,  with  brine  at  a 
very  low  temperature  circulating  through 
coils,  over  which  the  air  is  forced  or 
drawn  by  fans. 

*  Professor  Woodbridge  states  that 
*'  either  of  two  methods  may  be  fol- 
lowed for  making  the  treated  [chilled] 
air  salubrious  and  agreeable.  The 
whole  quantity  of  air  cooled  may  be 

*  Report  on  Heating  and  Ventilation  of  the  Senate 
Wing,  U.  S.  Capitol,  Washington,  Dec.  14,  1895. 
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brought  down  to  so  low  a  temperature 
as  to  precipitate  the  necessary  moisture 
for  drying  it,  and  then  warmed  again  by 
artificial  heating  to  the  temperature  and 
dryness  essential  to  comfort;  or  a  part 
only  of  the  air  may  be  so  sharply  chilled 
as  to  remove  the  weight  of  moisture  nec- 
essary to  insure  dry  ness,  and  this  chilled 
and  dried  air  may  then  be  passed  on  and 
mixed  with  the  untreated  part,  resulting 
in  the  drying  and  cooling  of  the  entire 
volume  of  air." 

The  capacity  of  refrigerating  machines 
is  commonly  expressed  in  "  tons  of  ice- 
melting  capacity  in  24  hours/'  one  ton 
refrigerating  effect  being  equivalent  to 
284,000  heat-units.  One  ton  of  coal 
should  produce  at  least  13  tons  of  refrig- 
eration, based  upon  ice-melting  capacity; 
and  one  ton  of  refrigeration  should  be 
produced  by  the  expenditure  of  not  over 
1.2  engine  horse-power. 
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13.  TESTING  SYSTEMS  OF  VENTILATION. 

In  addition  to  testing  the  quality  of 
the  air,  as  previously  explained,  it  is 
often  necessary  to  determine  the  volume 
of  air  entering  or  leaving  a  room.  For 
this  purpose  an  anemometer,  or  air- 
meter,  is  used,  by  means  of  which  the 
velocity  at  the  register  may  be  deter- 
mined. Knowing  this,  and  knowing  the 
area  through  which  the  air  must  pass, 
the  volume  is  readily  determined. 

Air-pressures  may  be  determined  by 
means  of  the  ordinary  U  tube,  one  end 
being  connected  with  the  duct  or  flue, 
and  the  other  with  the  atmosphere,  the 
difference  in  pressure  being  indicated  by 
the  difference  in  level  of  the  water  in 
the  two  legs  of  the  tube.  This  reading 
of  pressure  differences  in  inches  of  water 
may  be  readily  transformed  into  pressure 
in  ounces  by  multiplying  by  .578 — this 
factor  being  the  equivalent,  in  ounces, 
of  the  pressure  due  to  a  head  of  one  inch 
of  water. 
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The  humidity  of  the  air  may  be  ascer- 
tained by  a  hygrometer,  an  instrument 
provided  with  two  standard  thermome- 
ters— one,  the  dry  bulb,  showing  the 
temperature  of  the  air,  the  other,  the 
wet  bulb,  the  temperature  due  to  evap- 
oration. When  the  air  is  saturated  no 
evaporation  takes  place  and  the  ther- 
mometers read  the  same.  The  dryer  the 
air,  the  more  rapid  the  evaporation  of 
water  from  the  wet  bulb,  and  the  lower 
the  temperature  of  that  thermometer,  in 
comparison  with  that  of  the  dry  bulb. 
The  greater  the  temperature  difference, 
the  lower  the  relative  humidity. 

A  table  is  provided  with  these  instru- 
ments, showing  the  relative  humidity 
corresponding  to  various  temperature 
differences. 

For  determining  temperatures  in  ordi- 
nary ventilating  work,  good  standard 
thermometers  are  all  that  are  necessary. 
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14.  VENTILATION  AND  ACOUSTICS. 

*  "  The  arguments  sometimes  urged 
against  the  upward  ventilation  of  audi- 
toriums because  of  the  alleged  inter- 
ference of  such  ventilation  with  their 
acoustic  properties  are  for  the  most  part 
fallacious  and  groundless.  Sound-waves 
are  disturbed  by  traveling  through  air  of 
unequal  density.  When  air  lacks  homo- 
geneity, because  of  decided  inequalities 
of  temperature  or  moisture,  the  travel  of 
sound  is  affected  in  somewhat  the  same 
manner  as  is  that  of  light  when  it  passes 
through  heated  air  rising  from  a  stove 
or  other  heat  source.  Heated  air  rising 
in  mass  and  in  column  form  from  a  floor 
register  through  the  cooler  air  of  a  room, 
or  cold  air  falling  in  reversed  fashion 
from  a  ceiling  opening  through  the 
warmer  air  of  a  room,  presents  an  obsta- 
cle to  the  even  movement  of  sound- 

*  Prof.   S.  H.  Woodbridge  in  Report  on  Heating  and 
Ventilating,  House  of  Representatives,  1899. 
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waves.  When,  however,  the  movement 
is  diffused  and  the  air  temperature  is 
approximately  even  throughout  the  whole 
mass,  that  slow  movement,  whether  up- 
ward or  downward,  has  no  appreciable 
effect  on  sound-travel. " 
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II.— DIFFERENT   SYSTEMS   OF  VEN- 
TILATION. 


1.  SYSTEMS  OF  VENTILATION. 

THE  fireplace  is  the  simplest  example 
of  exhaust  ventilation,  and  the  furnace 
the  simplest  means  for  securing  a  supply 
of  warm  fresh  air. 

With  other  systems  the  heat  of  the 
fire  is  first  transferred  to  a  medium,  wa- 
ter or  steam,  which  in  turn  warms  the 
air  passing  to  the  rooms. 

In  the  furnace  system  the  air  is  heated 
by  direct  contact  with  cast-iron  or  steel- 
plate  surfaces,  cold  air  being  brought 
into  the  space  between  the  body  of  the 
furnace  and  the  casing  by  a  box  or  duct 
connected  with  the  outdoor  air. 

Of  course  if  cellar  air  is  used,  the  fresh- 
air  supply  feature  is,  to  a  very  great  ex- 
tent, lost,  the  supply  depending  upon 
the  tightness  of  basement  walls  and  win- 
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dows  against  the  in-leakage  of  fresh  air. 

The  indifference  of  the  dwellers  in 
houses  heated  by  furnaces,  in  many  parts 
of  the  country,  to  the  importance  of  hav- 
ing a  cold-air  box  for  a  fresh-air  supply, 
is  simply  astounding,  and  can  be  ex- 
plained only  by  assuming  a  widespread 
ignorance  of  the  bad  effects  on  health 
from  the  long-continued  breathing  of 
cellar  air. 

The  indirect  steam  or  hot-water  sys- 
tem works  on  the  same  general  principle 
as  the  furnace,  and  it  possesses  several  ad- 
vantages and  has  a  wider  range  of  appli- 
cation. Buildings  which  would  require 
several  furnaces  are  easily  heated  by  a 
single  boiler,  the  benches  of  indirect 
radiators  being  placed  near  the  base  of 
the  flues,  thus  avoiding  the  relatively 
long  pipes  common  in  furnace  heating. 
With  the  latter,  the  longer  the  pipes  the 
more  sluggish  the  flow  of  air  and  the 
greater  the  chance  of  failure  in  heating 
rooms  on  the  exposed  sides  during  strong 
winds. 
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Direct-indirect,  as  its  name  Amplies,  is 
a  compromise  between  direct  heating 
with  radiators  in  the  rooms,  and  indi- 
rect heating  with  radiators  suspended 
from  the  basement  ceiling  and  incased 
in  galvanized  iron  or  wood,  and  with 
cold-air  and  warm-air  ducts  connected 
with  the  spaces  below  and  above  these 
radiators. 

This  direct-indirect  system  is  a  great 
improvement  in  point  of  ventilation  over 
the  direct  system,  but  falls  far  short  of 
the  indirect  system  in  positive  results. 

The  greatest  difficulty  with  the  direct- 
indirect  method  is  experienced  in  mild 
weather,  when  a  constant  supply  of  fresh 
air  equivalent  to  that  required  in  cold 
weather  cannot  be  admitted  without  over- 
heating the  room,  since  it  must  pass  up 
over  the  radiating  surface. 

If  the  steam  is  shut  off,  the  air  enters 
at  the  outdoor  temperature,  which  may 
be  too  cold  for  comfort  in  the  room. 

With  this  method  of  heating,  the 
rooms  on  the  windward  side  of  a  build- 
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ing  are  excessively  ventilated,  while 
those  on  the  lee  side  receive  a  less  gener- 
ous supply  of  fresh  air  on  account  of  the 
tendency  to  a  vacuum  condition  existing 
on  that  side. 

Ordinary  indirect  systems,  commonly 
called  "gravity"  systems,  depend  solely 
on  the  difference  in  the  temperatures  of 
the  air  in  the  flues  and  the  air  outside,  to 
cause  the  desired  velocity.  This  differ- 
ence varies  with  changes  in  the  weather, 
and  consequently  the  flow  of  air  is  not 
constant,  becoming  more  sluggish  as  the- 
weather  grows  milder.  Winds  also  seri- 
ously affect  its  flow.  To  overcome  these- 
faults  the  "blower"  or  "fan"  system  is 
used. 

In  the  oft-quoted  words  of  the  lato 
Eobert  Briggs,  "  If  air  is  wanted  in  any 
particular  place,  at  any  particular  time,, 
it  must  be  put  there,  not  allowed  to  go. 
.  .  .  Xo  other  method  than  that  of 
impelling  air  by  direct  means,  with  a 
fan,  is  equally  independent  of  accident- 
ally natural  conditions,  equally  efficient 
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for  a  desired  result,  or  equally  controlla- 
ble to  suit  the  demands  of  those  who  are 
ventilated." 

The  "fan  "system  is  more  expensive 
than  others,  both  in  first  cost  and  in  run- 
ning expense,  but  the  results  are  far  su- 
perior to  those  attainable  by  any  other 
method. 

In  manufacturing  buildings  the 
<c  blower  "  system  is  installed  rather  as  a 
heating  system  than  as  a  ventilating  sys- 
tem. When  there  is  a  surplus  of  ex- 
haust steam,  the  greater  steam  consump- 
tion of  this  system  beyond  that  required 
b*  direct  radiation  is  of  no  moment. 
Tne  system  is  generally  arranged  in  its 
simplest  form  with  a  single  system  of 
Iiot-air  ducts  with  dampers  at  the  outlets. 

Manifestly  this  system  would  be  too 
crude  for  use  in  a  building  in  which  fans 
&re  installed  primarily  to  secure  a  nearly 
•constant  air  change. 

In  such  cases  the  system  is  commonly 
arranged  in  one  of  three  ways : 

1.  A  main  heater  with  tempered  air 
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by-pass  and  with  mixing-dampers  at  the 
entrance  to  ducts. 

2.  A  main  heater  arranged  to  supply 
air  at  approximately  70°  F.  to  the  rooms 
which  are  to  be  heated  by  direct  radia- 
tion. 

3.  A  main  heater  to  supply  air  at  from 
60°  to  70°  F.  to  the  ducts  leading  to  re- 
heaters  placed  near  the  base  of  the  flues. 

System  "1"  is  a  modification  of  the 
old  double-duct  system  with  mixing- 
dampers  at  the  base  of  flues,  and  is  com- 
monly used  in  connection  with  some 
method  of  temperature  regulation. 

If  hand  control  is  necessary,  the  double- 
duct  system,  one  for  hot  air  and  one  for 
tempered  air,  may  be  used  to  advantage, 
since  the  regulating  chains  connected 
with  the  mixing  dampers  may  then  lead 
directly  to  the  rooms. 

System  "  1  "  is  very  simple  in  its  ar- 
rangement, but  when  this  method  is  used 
the  temperature  of  the  rooms  is  affected 
by  winds  more  than  it  is  with  either 
system  "  2  "  or  "  3,"  since  the  windward 
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rooms  being  under  greater  pressure  from 
without  than  the  others,  secure  a  smaller 
supply  of  air  than  similar  rooms  on  the 
unexposed  sides.  The  air  will  follow 
the  lines  of  least  resistance.  The  heat- 
ing surface  being  concentrated  in  one 
place,  there  is  little  circulation  of  warm 
air  when  the  fan  is  not  in  use,  and  the 
building,  therefore,  becomes  colder  at 
night  and  requires  a  longer  time  to  warm 
up  in  the  morning  than  it  does  with 
either  system  "2"  or  "  3." 

System  "  2  "  has  been  widely  adopted. 
The  heating  and  ventilating  systems  are 
entirely  separate,  and  sufficient  radiating 
surface  is  installed  to  warm  the  rooms 
independently  of  the  air-supply.  In 
buildings  used  for  certain  purposes, 
where  a  "shut-down"  would  be  very 
serious,  this  system  possesses  an  advan- 
tage from  the  fact  that  in  the  event  of 
any  trouble  with  the  fan,  the  ventilation 
only  is  affected,  while  the  heating  goes  on 
without  interruption. 

This   system  is   particularly  effective 
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in  rooms  used  intermittently,  such  as 
assembly-halls  in  school-buildings.  The 
rooms  are  kept  warm  by  direct  radiation 
at  a  minimum  cost,  and  when  they  are 
occupied,  the  fresh-air  supply  ducts  and 
foul  air  exhaust  ducts  are  put  into  use. 

System  "  3  "  may  be  installed  at  less 
expense  than  system"  2,"  and  it  is  some- 
what more  positive  than  system  "  1," 
possessing  the  advantage  of  conducting 
only  tempered  air  through  the  ducts  in- 
stead of  air  at  a  higher  temperature,  as 
in  system  "  1,"  which  suffers  a  greater 
heat  loss  by  radiation.  System  "3"  is 
naturally  more  affected  by  winds  than 
is  system  "2,"  in  which  radiators  are 
placed  in  the  rooms;  but  since  the  re- 
heaters,  or  "supplementary  heaters," 
as  they  are  called,  are  placed  near  the 
rooms  which  they  are  to  heat,  there  is 
less  trouble  in  heating  exposed  rooms 
during  high  winds  than  is  experienced 
when  system  "  1 "  is  used. 


2.  FANS  AND  BLOWERS. 

W.  F.  Butler,  in  the  little  treatise  on 
Ventilation  which  this  one  supersedes, 
states  that  Dr.  Desaguliers  in  1723  was 
called  in  to  ventilate  the  House  of  Com- 
mons, and  that  after  an  unsuccessful  at- 
tempt by  means  of  heated  flues  which 
were  not  properly  used,  invented  a  cen- 
trifugal wheel  or  blowing-machine  ar- 
ranged to  force  the  air  either  into  or  out 
of  the  House  as  required. 

The  type  of  fan  commonly  used  for 
forcing  air  through  a  system  of  ducts  is 
known  as  a  "  blower/'  and  consists  of  a 
wheel  of  the  paddle  type  incased  in  a 
steel-plate  housing.  The  fan-wheel  is 
generally  made  with  radial  blades,  but  in 
the  best  work  these  are  curved  in  order 
to  reduce  the  whirring  noise  caused  by 
rapid  rotation. 

The  type  of  fan  described  is  used  to 
force  the  air  through  long  lengths  of 
ducts  'and  pipes  without  an  excessive 
consumption  of  power. 
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The  chief  advantage  this  type  of  fan 
possesses  over  the  propeller  or  disk  type 
is  that  it  delivers  a  large  volume  of  air 
against  considerable  pressure  with  a  con- 
sumption of  power  small  when  compared 
with  that  required  by  the  latter  type. 

These  are  used,  as  a  rule,  in  connec- 
tion with  short  ducts  of  large  area,  in 
which  the  velocity  is  low,  or  they  are 
connected  with  vertical  vent-flues. 

It  is  very  important  in  using  this  type 
of  fan  to  see  that  the  resistance  inter- 
posed to  the  passage  of  air  through  the 
ducts  is  slight,  as  it  consumes  an  ex- 
cessive amount  of  power,  and  delivers  a 
relatively  small  volume  of  air  when  op- 
erating against  considerable  friction  or 
pressure. 

It  is  not  uncommon  to  see  propeller 
fans  installed  where  blowers  should  be 
used,  and  vice  versa.  It  is  very  impor- 
tant that  a  proper  selection  be  made  if 
economy  in  operation  is  to  be  secured. 
Blowers  should  be  used  for  long  ducts  or 
with  high  velocities;  propeller  fans  for 
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short  ducts  and  low  velocities.  The  lat- 
ter are  used  chiefly  for  exhausting  air, 
although  they  may  be  employed  to  ad- 
vantage for  supplying  air  to  buildings  of 
relatively  small  size. 

3.  PLENUM  AND  EXHAUST  OR  VACUUM 
SYSTEMS  OF  VENTILATION  COMPARED. 

The  plenum  system  is  a  pressure  sys- 
tem designed  to  force  air  into  a  build- 
ing, creating  a  slight  pressure  therein, 
and  overcoming  to  a  certain  extent  the 
in-leakage  of  cold  air. 

The  air-supply  may  be  taken  from  a 
source  the  surroundings  and  condition 
of  which  are  known,  thus  insuring  its 
purity,  and  when  necessary  this  air  may 
be  filtered  by  passing  it  through  cheese- 
cloth screens. 

The  exhaust  or  vacuum  system  is  a 
system  of  ventilation  designed  to  exhaust 
the  air  from  a  building,  creating  a  ten- 
dency toward  a  slight  vacuum  therein. 

With  the  exhaust  method  alone,  the 
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air  which  takes  the  place  of  that  drawn 
from  the  rooms,  comes  from  uncertain 
sources  which  may  not  be  favorable  to  a 
pure  supply. 

It  is  a  common  mistake  to  suppose 
that  with  the  exhaust  system  all  the  air 
required  to  take  the  place  of  that  re- 
moved will  flow  in  or  be  drawn  in 
through  the  flues  leading  from  furnaces 
or  indirect  radiation  when  these  systems 
of  heating  are  used.  As  a  matter  of  fact, 
the  air  which  is  to  take  the  place  of  that 
removed,  tends  to  follow  the  lines  of  least 
resistance,  and  much  of  it  is  drawn  in 
around  doors  and  windows,  causing  un- 
comfortable draughts. 

On  the  other  hand,  all  the  air  supplied 
with  a  plenum  system  will  not  pass  out 
of  the  room  through  the  vent-flues  pro- 
vided for  the  purpose,  but  instead,  much 
of  it  will  pass  out  around  windows  and 
doors,  especially  if  theso  happen  to  be  on 
the  lee  side  of  the  building. 

The  above  considerations  lead  natu- 
rally to  the  conclusion  that  the  best  ar- 
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rangement  is  to  combine  the  plenum  and 
exhaust  systems,  using  a  supply  fan  of 
greater  capacity  than  the  exhaust  fan  in 
order  that  the  air  of  the  room  may  be 
under  a  slight  pressure,  thus  preventing, 
in  a  measure,  the  in-leakage  of  cold  air. 

4.   ASPIKATING  COILS  YEESUS  Ex 
HAUST  FANS. 

The  removal  of  foul  air  from  rooms  is 
generally  accomplished  by  means  of  as- 
pirating coils  placed  in  the  flues.  These 
to  be  effective  should  be  placed  as  near 
the  opening  into  the  flue  as  possible. 

Where  the  flues  are  small  this  cannot 
be  done  readily,  and  the  flues  must  be 
collected  in  the  attic  in  a  chamber  in 
which  is  placed  the  aspirating  coil. 

This  should  be  made  up  of  pipes  placed 
in  an  inclined  position  to  avoid  cutting 
down  the  flue  area,  and  so  arranged  that 
all  the  air  will  pass  across  them. 

Coils  strung  around  the  sides  of  the 
air  chamber  or  shaft,  leaving  a  large 
open  space  in  the  middle,  are  compara- 
tively ineffective. 
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Since  the  flue  action  sought  is  merely 
that  of  a  chimney,  the  higher  the  column 
of  hot  air,  the  greater  the  "  pull"  and 
the  velocity  of  the  air  in  the  flue.  Ac- 
cordingly, it  is  desirable  that  all  vent- 
flues  should  have  sufficient  height  and 
area  of  discharge,  or  should  be  equipped 
with  aspirating  coils  to  provide  for  the 
required  volume  of  air  when  the  outdoor 
temperature  is  from  40°  to  50°  F. 

The  mistake  is  often  made  of  install- 
ing aspirating  coils  in  large  buildings, 
where  electrical  exhaust  fans  would  be 
far  more  efficient  and  at  the  same  time 
less  expensive  to  operate  in  the  handling 
of  a  given  volume  of  air. 

The  delivery  of  air  by  a  fan  is  not  af- 
fected to  any  great  extent  by  atmospheric 
changes,  as  is  the  case  with  an  aspirating 
coil,  which,  with  a  rise  in  the  outside 
temperature,  has  less  and  less  effect  in 
causing  a  flo\v  of  air. 

A  fan  is-  decidedly  more  efficient  than 
a  steam  coil  for  moving  air,  and  while 
its  first  cost  is  greater  than  the  coil,  that 
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fact  should  not  be  allowed  to  stand  in 
the  way  of  its  introduction  in  good -sized 
buildings,  as  the  saving  in  operation  over 
the  heat  wasted  by  a  coil  would  soon 
make  up  for  any  difference  in  the  cost  of 
installation. 

5.  DOWNWARD  VENTILATION. 

The  downward  method  of  ventilation 
is,  in  the  great  majority  of  cases,  the 
only  practicable  one.  In  general,  the 
most  effective  and  economical  ventilation 
in  which  the  air  is  chilled  during  its  pas- 
sage through  a  room,  is  by  the  downward 
system.  The  air  entering  at  the  warm- 
air  inlet  rises  to  the  ceiling.  To  dis- 
tribute this  air  and  make  it  effective  in 
ventilating,  it  must  be  brought  down  to 
the  seating  space  before  escaping  to  the 
ventilating-flues.  With  rooms  having 
outside  exposure,  such  as  school-rooms, 
the  air  entering  at  the  warm -air  inlet 
after  passing  across  the  ceiling  and  corn- 
ing in  contact  with  the  cold  outside  walls, 
becomes  somewhat  chilled  and  descends 
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to  the  floor,  the  continuous  inflow  of 
fresh  air  increasing  this  action.  With 
inlets  and  outlets  properly  placed  with 
reference  to  the  exposed  walls,  this 
method  gives  very  satisfactory  results 
when  a  sufficient  volume  of  fresh  air  for 
dilution  is  supplied. 

In  rooms  having  little  or  no  exposure, 
the  entering  air  must  be  admitted  at  a 
temperature  below  that  of  the  room, 
otherwise  the  heat  given  off  by  the  occu- 
pants will  more  than  offset  the  loss  of 
heat  through  the  walls,  and  will  cause  a 
rise  in  temperature  beyond  the  point  of 
comfort.  The  heat  given  off  by  each 
person  is  practically  the  same  as  that  pro-r 
duced  by  a  burning  candle. 

In  case  it  is  necessary,  for  the  reasons 
above  stated,  to  introduce  the  air  at  a 
temperature  of  from  10  to  15  degrees  be- 
low that  of  the  room,  great  care  must  be 
taken  in  the  arrangement  of  openings  to 
avoid  objectionable  down-draughts. 

The  air-currents  must  be  broken  up 
and  finely  divided,  otherwise  downward 


currents  of  cold  air  will  be  felt  in  differ- 
ent parts  of  the  room.  This  condition 
will  not  occur  with  the  downward  sys- 
tem, except  in  cases  where  the  air  must 
be  admitted  at  a  lower  temperature  than 
that  at  which  it  is  desired  to  maintain 
the  air  of  room.  No  trouble  from  down- 
draughts  need  be  experienced  in  rooms 
where  the  loss  of  heat  through  the  walls 
and  glass  is  greater  than  the  heat  given 
off  by  the  occupants,  since  in  such  rooms 
the  air  must  be  admitted  at  a  tempera- 
ture considerably  in  excess  of  70°  F., 
and,  therefore,  will  not  have  a  tendency 
to  descend  at  once  to  the  floor,  but  will 
gradually  fall  as  it  becomes  chilled  along 
the  exposed  walls. 

With  the  downward  system,  as  applied 
in  tlfeaters  and  halls,  the  warm  air  ex- 
haled from  the  lungs  is  met  by  the  de- 
scending currents  of  air  entering  at  or 
near  the  ceiling.  This  mixture  of  the 
two  must  be  re-breathed  before  it  can 
reach  the  ventilating  openings  placed  in 
or  near  the  floor;  whereas,  with  the  up- 
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ward  system,  the  exhalations  are  carried 
at  once  toward  the  outlets  in  the  ceiling. 

Effective  downward  ventilation  of  au- 
dience-rooms is  practicable,  if  a  sufficient 
volume  of  air  is  used  for  the  purpose  and 
if  inlets  and  outlets  are  properly  located. 
To  secure  the  best  results,  the  inlets 
must  be  arranged  as  stated  above,  and 
the  outlets  located  in  the  immediate 
vicinity  of  each  occupant.  To  prevent 
vitiated  air  from  the  gallery  and  balco- 
nies reaching  the  main  floor,  the  foul  air 
discharge  openings  from  them  must  have 
a  stronger  exhaust  action  than  those  in 
the  main  floor. 

In  regard  to  the  volume  of  air  to  be 
supplied  with  this  system,  Mr.  A.  R, 
Wolff  in  a  pamphlet  on  The  Ventilation 
of  Buildings,  recommends  an  air-supply 
of  3000  cu.  ft.  per  occupant  per  hour; 
but  states  that  for  theaters  having  a  large 
space  per  capita,  and  in  which  the  atmos- 
phere is  perfectly  fresh  at  the  outset,  and 
where  the  space  is  occupied  for  only  two 
or  three  hours  at  a  time,  the  air-supply 
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may  be  safely  reduced  to  2000  to  2500 
cu.  ft.  These  amounts  range  from  about 
33  to  50  cu.  ft.  per  minute,  as  against  20 
cu.  ft.  per  minute  for  excellent  results 
with  the  upward  system. 

The  downward  system  is  very  ineffec- 
tive in  giving  relief  in  hot  and  muggy 
Weather,  and  is  out  of  the  question  for 
rooms  in  which  smoking  is  to  be  indulged 
in.  It  is,  therefore,  important  when 
possible  to  so  arrange  the  downward  sys- 
tem of  ventilation  that  it  may  be  made 
reversible  to  provide  for  these  conditions. 
The  German  House  of  Parliament  is  ar- 
ranged with  such  a  system,  operated  as 
follows :  For  an  hour  or  so  before  occu- 
pancy, warm  air  is  admitted  at  the  top 
and  drawn  out  at  the  bottom.  As  the 
chamber  is  filled,  the  system  is  reversed. 
Tests  on  the  down-draught  system 
showed  the  air  in  the  room  to  be  very 
oppressive,  especially  in  muggy  weather, 
whereas  when  the  air  was  let  in  at  the 
bottom,  after  being  moistened  in  its  pas- 
sage through  the  warming  chamber,  it 
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was  found  to  have  no  unpleasant  effects 
whatever. 

Another  point  to  be  borne  in  mind  in 
downward  ventilation  is  that  if  the  sys- 
tem is  to  be  used  in  summer,  the  air 
passing  through  the  ducts  in  the  attic 
space  is  likely  to  become  so  heated  that 
it  is  rendered  unfit  for  use. 

6.  UPWARD  VENTILATION. 

Another  method  of  ventilation  consists 
in  removing  the  impurities  instead  of  di- 
luting them.  This  is  the  upward  system. 
The  heat  given  off  by  each  person  sitting 
in  a  room  causes  an  upward  current  in. 
the  surrounding  air.  If,  then,  an  ample 
supply  of  pure  air  is  admitted  at  each 
seat,  in  such  a  manner  that  it  will  cause 
no  uncomfortable  draught,  the  space  oc- 
cupied by  each  person  will  be  continu- 
ously and  thoroughly  flushed,  and  all 
impurities  given  off  will  be  carried  up 
with  the  ascending  current  of  air  toward 
the  ceiling,  at  which  point  the  foul  air 
will  be  removed  through  suitable  open- 
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ings.  These  openings  should  connect 
with  dncts  leading  either  to  exhaust  fans 
or  to  flues  in  which  are  placed  aspirating 
coils.  This  method  of  ventilation  is  gen- 
erally employed  in  theaters  and  legisla- 
tive halls,  where  the  seats  are  fixed  in 
position. 

AVith  upward  ventilation,  where  each 
person  is  provided  with  an  individual  air- 
supply  and  all  impurities  are  at  once  re- 
moved, a  smaller  volume  of  air  is  neces- 
sary than  with  the  downward  system, 
where  the  atmosphere  is  maintained  at  a 
certain  degree  of  purity  by  dilution. 

It  is  important  in  either  the  upward  or 
the  downward  system  that  the  volume  of 
air  supplied  should  exceed  that  of  the  air 
removed  by  exhaust  fans,  so  that  the  air 
in  the  rooms  will  be  under  a  slight  pres- 
sure; otherwise  cold  air  will  be  drawn  into 
the  building  through  doors  and  windows, 
causing  draughts,  or,  in  the  case  of  thea- 
ters, smoke  will  be  drawn  in  from  the 
foyer  and  smoking-rooms. 

It  is  important  that  the  ceiling  be  kept 
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at  a  higher  temperature  than  the  air  of 
the  room,  as  in  the  case  of  ceilings 
chilled  by  skylights  or  roofs  the  air  com- 
ing in  contact  with  them  becomes  cooled 
and  falls  toward  the  floor  in  objection- 
able draughts. 

These  down-draughts  may  be  over- 
come by  placing  coils  or  radiators  near 
the  ceiling  to  intercept  them,  or  by 
slightly  warming  the  attic  space. 

The  coils  referred  to  may  generally  be 
hidden  from  view  by  placing  them  above 
cornices. 


III.— THE    VENTILATION    OF    DIF- 
FERENT CLASSES  OF  BUILDINGS. 


1.  KESIDESTCES. 

wellings,  furnaces  or  indirect  steam 
or  hot-water  radiation  furnish  the  desired 
supply  of  air,  provided  the  ducts  are 
properly  arranged.  In  order  to  heat 
houses  efficiently  in  severe  weather  by 
either  of  these  systems,  it  is  necessary  to 
change  the  air  in  them  about  once  every 
fifteen  minutes,  thus  giving  an  ample 
supply  to  the  usual  number  of  occupants. 
In  fact,  many  systems  are  arranged,  to 
have  the  stories  above  the  first  heated  by 
direct  radiation,  dependence  for  fresh 
air  being  placed  upon  open  windows  in 
the  sleeping-rooms. 

One  great  advantage  of  a  warm-air  sys- 
tem, whether  a  furnace  or  an  indirect 
steam  or  hot- water  apparatus,  is  that  the 
rooms  cannot  be  heated  without  at  the 
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same  time  supplying  them  with  air, 
which,  if  the  basement  ducts  are  properly 
arranged,  is  relatively  pure  air. 

The  direct-indirect  system,  in  which 
the  radiators  are  located  in  the  rooms 
and  connected  with  cold-air  ducts  lead- 
ing through  the  walls,  gives  a  limited 
air-supply;  but  it  does  not  give  as  great 
a  supply  as  in  the  case  of  indirect  heating 
with  all  the  surface  in  the  basement,  and 
with  cold-air  ducts  leading  to  and  warm- 
air  ducts  leading  from  the  "benches" 
or  "stacks "of  indirect  radiators. 

The  "blower"  system  is  seldom  in- 
stalled in  ordinary  residences,  although 
it  is  not  uncommon  in  the  larger  ones 
in  our  principal  cities,  particularly  New 
York.  In  the  latter  class  of  buildings, 
even  where  the  system  is  not  used 
throughout,  it  is  advisable  to  adopt  it 
for  the  ball-rooms  and  for  those  rooms 
likely  to  be  occasionally  well  filled  with 
guests. 
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2.  SCHOOL  BUILDINGS. 

In  small  school  buildings  having  from 
four  to  six  rooms,  the  furnace  system, 
when  properly  installed,  gives  good  re- 
sults at  about  one  half  the  first  cost  of 
the  indirect  steam  system,  which  is  the 
one  commonly  used  in  buildings  ranging 
in  size  from  those  having  the  number  of 
rooms  stated,  to  those  having  from  twelve 
to  sixteen  rooms. 

Larger  buildings  should  have  mechan- 
ical ventilation,  and  if  proper  attendance 
can  be  assured,  such  a  system  may  be  ap- 
propriately used  in  buildings  having  as 
few  as  eight  rooms. 

The  details  of  furnace  heating  in 
school  buildings  differ  from  those  fol- 
lowed in  dwellings.  The  flues  are  much 
larger  in  proportion  to  the  space  heated, 
and  horizontal  runs  are  practically  elimi- 
nated by  placing  the  furnaces  directly  at 
the  base  of  the  flues..  Furthermore,  the 
heat  is  controlled  by  mixing-dampers, 
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which  regulate  the  temperature  of  the 
air  without  seriously  affecting  the  volume 
delivered. 

The  air  discharged  from  the  rooms 
should  be  made  to  pass  through  flues  the 
air-flow  in  which  is  accelerated  by  a  heater 
or  by  steam  coils,  otherwise  the  flow  will 
be  very  sluggish  in  mild  weather,  since 
the  velocity  derJends  upon  the  difference 
in  the  temperatures  of  the  air  inside  and 
outside  of  the  flue. 

Indirect  steam-heating  systems  are 
arranged  somewhat  in  the  same  manner 
as  furnaces,  benches  of  radiators  taking 
the  place  of  the  latter  at  the  base  of  the 
flues,  and  mixing-dampers  being  used  to 
control  the  air  temperature. 

Each  vent-flue  should  have  an  aspira- 
ting heater,  placed  as  short  a  distance 
above  the  opening  from  the  room  as  pos- 
sible, for  the  lower  the  heating-coil  with 
reference  to  the  top  of  the  flue,  the 
greater  the  velocity  of  air  created.  It  is 
of  course  sometimes  necessary  to  group 
the  flues  in  the  attic  in  an  aspirating 
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chamber,  but  this  method  is  not  so  effec- 
tive as  the  one  just  described. 

Assembly-halls  used  intermittently 
should  be  heated  by  direct  radiation,  and 
the  air-supply  and  ventilation  should  be 
shut  off  except  when  the  hall  is  occupied. 

The  coat-rooms  should  be  heated  by 
direct  radiation  and  should  have  ample 
exhaust  ventilation.  The  principal  toilet- 
rooms  should  receive  very  careful  atten- 
tion in  the  planning  of  a  system,  and 
positive  exhaust  ventilation  should  be 
provided.  It"  is  not  advisable  to  force 
air  into  such  rooms,  since  it  may  leak  out 
again  into  others;  but  with  direct  radia- 
tion for  heating,  and  with  a  strong  ex- 
haust ventilation,  the  flow  of  air  is  bound 
to  be  into  them.  All  ventilating  flues 
should  be  connected  with  an  exhaust 
fan,  or  should  have  steam  coils  supplied 
by  a  small  steam  boiler  to  maintain  heat 
in  them  during  mild  weather  when  the 
main  boiler  is  not  in  use. 


3.  CHURCHES. 

Small  churches  are  generally  heated 
by  furnaces,  which  furnish  a  supply  of 
air,  and  possess  an  advantage  from  the 
fact  that  the  heating  may  be  quickly 
accomplished,  and  that  when  no  longer 
needed,  the  fires  may  be  allowed  to  go 
out.  No  care  need  be  taken  to  prevent 
freezing,  as  is  the  case  with  steam  and 
hot- water  systems. 

For  larger  buildings  the  ' *  fan-furnace  " 
system  is  used,  giving  a  more  positive 
air-supply  than  with  simple  furnaces. 
The  indirect  steam  system  gives  good  re- 
sults in  buildings  of  this  class;  and  the 
best  results  are  usually  obtained  by  hav- 
ing the  warm  air  enter  through  registers 
placed  either  at  the  ends  of  pews  or  in 
the  walls  about  7  feet  above  the  floor. 

The  exhaust  ventilation  takes  place 
through  openings  in  the  front  of  the 
platform,  the  space  below  it  being  con- 
nected with  an  exhaust  duct. 

Fan  systems  may  be  arranged  in  such 


buildings  in  a  variety  of  ways,  the  gen- 
eral methods  being  about  the  same  as 
those  described  for  school  buildings. 
One  of  the  simplest  methods  is  that  of 
forcing  the  supply  of  tempered  air 
through  supplementary  heaters  placed  at 
the  base  of  flues,  these  flues  terminating 
at  registers  in  the  window-sills  or  walls. 
The  air-supply  is  thus  delivered  around 
the  entire  periphery  of  the  room,  and  is 
then  drawn  through  the  seating  space  to 
properly  located  openings  in  the  ends  of 
the  seats,  or  in  the  front  of  the  platform. 
An  exhaust  fan  is  connected  with  the 
ducts  leading  from  these  openings. 

A  very  simple  but  effective  method  of 
supplying  air  to  churches  is  that  of  using 
the  entire  space  under  the  auditorium  as 
a  "plenum  "  chamber,  tightly  caulking  or 
weather-stripping  the  basement  windows 
and  other  places  where  the  air  would  be 
likely  to  escape,  forcing  a  liberal  supply 
of  fresh  tempered  air  into  this  space  and 
allowing  it  to  escape  through  openings 
which  are  located  under  the  seats  in  a 


manner  similar  in  general  arrangement 
to  that  in  which  they  are  disposed  in 
theaters.  The  details  for  church  work, 
however,  are  somewhat  different  from 
the  arrangement  in  theaters,  as  the  air 
issues  from  a  long  slot  in  the  lower  side 
of  ducts  placed  immediately  under  the 
seats  where  Ihey  do  not  show.  Vertical 
supply  connections  are  made  with  these 
ducts  at  the  ends  of  the  pews.  Of  course 
there  is  considerable  leakage  of  air  when 
this  method  is  used,  but  this  is  not  a 
serious  matter,  as  the  ventilating  appar- 
atus is  in  operation  for  only  a  few  hours 
each  week.  Its  simplicity  commends  it. 
The  heating  of  an  auditorium  which  is 
supplied  with  air  in  the  manner  de- 
scribed is  accomplished  by  direct  radia- 
tors located,  as  a  rule,  in  recesses  pro- 
vided under  the  windows,  these  radiators 
being  screened  by  ornamental  register 
faces. 

With  the  forced-air  supply  issuing 
through  openings  under  the  seats  as  de- 
scribed, no  ventilating  flues  whatever  are 
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required,  as  the  air  will  readily  escape 
through  the  crevices  in  walls  and  ceilings. 

By  the  use  of  electric  fans  the  very 
desirable  results  of  a  forced-air  supply 
and  exhaust  ventilation  may  be  obtained 
even  in  small  churches.  The  initial  out- 
lay is  not  great  where  good  results  are 
considered  necessary,  and  the  running 
expense,  even  with  a  high  rate  charged 
for  electric  power,  amounts  to  but  little, 
since  the  apparatus  is  in  use  for  so  short 
a  time  each  week. 

The  air-supply  per  occupant  in 
churches  need  be  only  about  two  thirds 
of  that  required  for  schools,  since  the 
amount  of  space  per  person  is  much 
greater  and  the  period  of  occupancy  is 
considerably  shorter.  Twenty  cubic  feet 
of  air  per  minute  per  occupant  is  consid- 
ered a  fair  allowance. 

4.  HALLS  AND  COURT-KOOMS. 

Small  assembly-halls  may  be  efficiently 
ventilated  by  the  indirect  system,  with 
the  ducts  furnished  with  mixing-damp- 
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ers ;  and  the  exhaust  ventilation  may  be 
effected  through,  heated  flues.  If  the 
hall  is  large  enough  to  warrant  it,  elec- 
tric supply  and  exhaust  fans  should  be 
provided. 

In  legislative  halls  with  fixed  seats, 
mechanical  ventilation  is  generally  pro- 
vided and  arranged  in  the  same  manner 
as  for  upward  ventilation  in  theaters,  the 
fresh  air  being  admitted  near  the  seats, 
through  openings  in  the  risers  to  the 
several  tiers,  or  in  the  desk-supports. 

5.  THEATERS. 

In  the  ventilation  of  theaters  by  the 
upward  system,  the  space  under  the  au- 
ditorium is  used  as  a  plenum-chamber, 
and  there  are  openings  under  the  seats 
or  in  perforated  chair-legs.  In  this  way 
each  person  receives  an  individual  air-' 
supply,  which,  after  passing  over  him, 
ascends  to  the  ceiling,  where  the  vitiated 
air  is  drawn  off  by  means  of  an  exhaust 
fan. 

Such  systems  require  only  about  twenty 
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cubic  feet  of  air  per  occupant  per  minute 
to  give  good  results.  The  air  exhaled 
from  the  lungs,  being  warmer  than  the 
surrounding  air,  rises,  and  with  the  up- 
ward system  the  exhalations  are  removed 
without  being  again  brought  into  contact 
with  the  occupants.  Particular  atten- 
tion must  be  paid  in  theater  ventilation 
to  the  exhaust  ventilation  of  foyers  and 
smoking-rooms,  in  order  to  insure  an  in- 
ward current  of  air  into  these  rooms 
through  doorways  or  other  openings. 
It  is  practically  impossible  to  secure 
proper  ventilation  of  theaters  without 
employing  fans. 

6.  HOSPITALS  AND  ASYLUMS. 

In  the  heating  and  ventilating  of  hos- 
pitals, furnaces  are  rarely  employed  ex- 
cept in  buildings  of  very  small  size. 

The  direct-indirect  system  is  of  course 
preferable  to  direct  radiation  for  this 
service,  as  in  cold  weather  a  good  air- 
supply  can  be  secured.  In  mild  weather, 
however,  it  is  difficult  to  obtain  an  ade- 
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quate  air-supply  without  overheating  the 
rooms. 

The  plain  gravity  indirect  steam  or 
hot- water  system  affords  a  simple  and 
fairly  effective  method  of  supplying  air 
to  buildings  not  large  enough  to  warrant 
the  use  of  a  complete  mechanical  system. 
Mixing-dampers  should  be  provided.  If 
electric  fans  can  be  employed  in  combi- 
nation with  indirect  radiation,  the  sys- 
tem will  be  more  effective,  and  especially 
so  in  mild  weather. 

With  any  of  the  above  systems  for 
supplying  air,  exhaust  ventilation  should 
be  provided  by  means  of  either  heated 
flues  or  fans. 

In  the  main  wards  the  air  may  be  ad- 
mitted through  openings  below  the  win- 
dows and  between  the  beds,  and  ex- 
hausted through  several  large  fireplaces 
or  through  openings  near  the  floor. 

A  more  perfect  distribution  of  the  air 
is  secured  by  placing  a  vent-opening  un- 
der each  bed.  Such  openings,  if  used, 
should  be  located  a  few  inches  above  the 
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floor,  to  prevent  their  becoming  clogged 
with  dust,  as  would  be  the  case  with 
floor  registers. 

The  blower  system  is  particularly  ef- 
fective in  hospitals  where  a  continuous 
and  large  volume  of  air  is  necessary. 
This  system  is  commonly  arranged  in 
conjunction  with  direct  radiation,  the 
latter  being  sufficient  to  heat  the  build- 
ing, and  the  blowers  supplying  tempered 
air  to  the  rooms.  With  this  arrange- 
ment, in  case  anything  should  happen 
to  the  blower,  engine,  or  motor,  while  it 
would  interrupt  the  ventilation,  it  would 
not  affect  the  heating.  The  temperature 
of  the  air-supply  and  that  of  the  rooms 
should  be  controlled  by  thermostats. 

The  blower  system  may  also  be  ar- 
ranged with  supplementary  heaters,  and 
in  certain  cases  the  double-duct  system, 
with  mixing-dampers,  may  be  employed. 

For  the  heating  of  hospitals  for  the  in- 
sane, the  registers  should  be  of  special 
design  known  as  the  "  asylum  "  pattern, 
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and  operated  by  means  of  a  key.  The 
fret-work  on  such  registers  is  designed 
to  prevent  the  inmates  from  passing  their 
fingers  through  the  register-faces. 

Floor  registers  must  never  be  used  in 
such  rooms.  The  inlet  registers  should 
be  placed  6  or  7  feet  above  the  floor, 
and  the  vent  registers  near  the  floor.  It 
would  be  out  of  the  question  to  place 
radiators  in  rooms  occupied  by  insane 
patients,  unless  such  radiators  were 
placed  above  reach,  or  were  screened. 

7.  OFFICE  BUILDINGS. 

Provision  is  rarely  made  for  the  proper 
ventilation  of  office  buildings.  Direct- 
indirect  radiation  is  not  infrequently  in- 
stalled, giving,  under  certain  conditions, 
a  reasonable  supply  of  air  to  rooms 
having  few  occupants.  Exhaust  venti- 
lation of  toilet-rooms  by  means  of  fans, 
is  generally  provided.  The  rooms  below 
grade  require  careful  attention,  a  change 
of  air  in  engine-rooms  and  boiler-rooms 
once  in  every  five  minutes  being  not  too 
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frequent.  This  is  accomplished  by  me- 
chanical means,  both  as  to  the  supply  and 
the  discharge,  unless  a  space  around  the 
smoke-stack  is  provided.  The  ordinary 
vertical -flue  arrangement  cannot  be  used 
in  modern  office  buildings,  because  in  the 
lower  stories  there  are  generally  few  par- 
titions, and  the  windows  are  so  large  that 
insufficient  available  space  is  left  for  flues. 

The  corridor  system  in  connection 
with  blowers  overcomes  this  difficulty. 

In  this  system  the  air-supply  is  taken 
from  the  roof  or  from  a  court  or  area; 
fans  in  the  basement  discharge  this  air 
to  a  system  of  ducts  placed  above  false 
ceilings  in  the  corridors;  registers  dis- 
charge warm  air  near  the  ceiling  line  of 
-each  office;  and  circulation  is  maintained 
through  the  rooms  by  means  of  register- 
faces  placed  near  the  floor  and  connecting 
Tvith  the  corridors,  from  which  the  air 
< escapes  up  the  stairways  and  elevator- 
ishafts,  or  through  toilet-rooms,  to  open- 
ings at  the  top  of  the  building. 

A  more  perfect  and  at  the  same  time 
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a  more  expensive  system  is  one  in  which 
radiators  are  used. in  each  room  to  coun- 
teract the  loss  of  heat  through  the  walls 
and  windows,  and  in  which  a  supply  of 
air  at  about  70°  F.  is  brought  in  to  pro- 
vide for  ventilation.  This  system  is, 
however,  far  more  expensive,  but  the 
heating  of  the  building,  especially  dur- 
ing high  winds,  is  more  uniform  than 
with  the  ordinary  blower  system  intro- 
ducing air  to  the  rooms  at  a  temperature* 
of  from  110°  to  130°  F. 

8.  DEPARTMENT  STOKES. 

At  certain  seasons  of  the  year  the 
modern  department  store  requires  such 
a  large  supply  of  fresh  air,  that  it  can  be 
secured  in  no  other  practicable  way  than 
by  the  use  of  fans. 

The  fresh  air  is  drawn  by  basement 
fans  from  the  roof  or  from  openings  some 
distance  above  the  sidewalk,  in  order  that 
it  may  be  reasonably  free  from  dust. 

It  is  not  customary  to  install  fresh-air 
flues  and  vent-flues  in  the  upper  stories, 
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because,  owing  to  the  large  window  area, 
it  is  almost  impossible  to  find  space  for 
them.  These  stories  are  generally  heated 
by  direct  radiation.  The  blower  system 
permits  a  better  arrangement  for  heating 
the  vestibules  than  any  other,  as  re- 
lieaters  having  a  large  amount  of  surface, 
&nd  through  which  air  is  forced  and 
heated  to  a  high  temperature,  may  be 
placed  in  the  basement.  This  air  is  then 
discharged  through  registers  or  screens 
into  the  vestibules,  where  it  becomes 
mixed  with  the  incoming  cold  air.  It  is 
practically  impossible  to  provide  too  lib- 
erally for  heating  these  spaces,  as  at  cer- 
tain seasons,  which  are  generally  the 
•coldest  ones,  the  doors  are  kept  practi- 
cally wide  open  by  the  crowds  surging 
in  and  out. 

9.  MA^UFACTUKING  BUILIXINGS. 

The  simplest  arrangement  of  the 
"blower  system  in  manufacturing  build- 
ings consists  in  locating  the  fan  and 
heater  at  about  the  middle  of  the 
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shop,  discharging  the  heat  through  gal- 
vanized-iron  ducts-  suspended  overhead 
and  leading  toward  the  ends  of  the 
building,  and  having  a  series  of  outlets, 
through  which  the  hot  air  is  discharged 
against  the  walls.  This  air  is  then 
drawn  back  to  the  heater  and  is  "  rota- 
ted/' A  fresh-air  connection  should  be 
made  with  the  outside  of  the  building, 
to  be  used  when  necessary  for  ventilation. 

Blower  systems  in  shops  are  not  gen- 
erally installed  for  the  purpose  of  venti- 
lating them,  but  are  used  primarily  for 
heating.  In  textile  mills  and  other  fac- 
tories several  stories  in  height,  flues  may 
be  carried  up  on  the  outside  brick  walls 
with  outlets  on  each  floor,  the  blower 
forcing  hot  air  into  the  base  of  these 
flues  through  underground  ducts. 

This  makes  a  very  convenient  system, 
and  presents  a  better  appearance  than 
one  in  which  galvanized-iron  ducts  are 
strung  about  the  rooms;  but  the  system 
must,  of  course,  be  incorporated  into  the 
general  building  plans. 
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enlarged 5C 


— The    Dynamo  :   How  Made   and  How  Used.    A 
Book  for  Amateurs.    Eighth  edition.    12mo,  cloth...  1  00 
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BOTTONE  (S.  R.).  Electro  Motors  :  How  Made  and 
How  Used.  A  Hand-book  for  Amateurs  and  Practical 
Men.  Second  edition.  12mo,  cloth 75 

BONNET  (G.  E.).  The  Electro-Platers'  Hand-book. 
A  Manual  for  Amateurs  and  Young  Students  on 
Electro-Metallurgy.  60 illustrations,  12mo,  cloth..  1  20 

BOW  (B.  H.).  A  Treatise  on  Bracing.  With  its  appli- 
cation to  Bridges  and  other  Structures  of  Wood  or 
Iron.  156  illustrations.  8vo,  cloth 1  50 

BOWSER  (Prof.  E.  A.).  An  Elementary  Treatise 
on  Analytic  Geometry.  Embracing  Plane  Geometry, 
and  an  Introduction  to  Geometry  of  three  Dimen- 
sions. 1 2mo,  cloth.  Twenty-first  edition 1  75 

• An  Elementary  Treatise  on  the  Differential  and 

Integral  Calculus.  With  numerous  examples. 
12mo,  cloth.  Seventeenth  edition 2  25 

• An  Elementary  Treatise  on  Analytic  Mechanics. 

With  numerous  examples.  12mo,  cloth.  Fourteenth 
edition 300 

An   Elementary  Treatise  on   Hydro-Mechanics. 

With  numerous  examples.  12mo,  cloth  Fifth 
edition 2  50 

•  A  Treatise  on  Roofs  and  Bridges.  With  Numerous 
Exercises.  Especially  adapted  for  school  use.  12mo, 
cloth.  Illustrated net  2  25 

BOWIE  (AUG.  J.,  Jun.,M.E.).  A  Practical  Treatise 
on  Hydraulic  Mining  in  California.  With  Description 
of  the  Use  and  Construction  of  Ditches,  Flumes, 
Wrought-iron  Pipes  and  Dams  ;  Flow  of  Water  on 
Heavy  Grades,  and  its  Applicability,  under  High 
Pressure,  to  Mining.  Fifth  edition.  Small  quarto, 
cloth.  Illustrated 500 

BURGH  (N.  P.).  Modern  Marine  Engineering,  applied 
to  Paddle  and  Screw  Propulsion.  Consisting  of  36 
colored  plates,  259  practical  woodcut  illustrations, 
and  403  pages  of  descriptive  matter.  The  whole 
being  an  exposition  of  the  present  practice  of  James 
Watt  &  Co.,  J.  &  G.  Rennie,  R.  Napier  &  Sons,  and 
other  celebrated  firms.  Thick  quarto,  half  morocco.  10  00 
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BUKT  (W.  A.)*  Key  to  the  Solar  Compass,  and 
Surveyor's  Companion.  Comprising  all  the  rules 
necessary  for  use  in  the  field ;  also  description  of 
the  Linear  Surveys  and  Public  Land  System  of  the 
United  States.  Notes  on  thn  Barometer,  Suggestions 
for  an  Outfit  for  a  Survey  of  Four  Months,  etc. 
Seventh  edition.  Pocket-book  form,  tuck 2  50 

CALDWEUL,   (G.   C.),    and  A.  A.  BRENEMAN. 

Manual  of  Introductory  Chemical  Practice.  For 
the  use  of  Students  in  Colleges  and  Normal  and 
High  Schools.  Fourth  edition,  revised  and  corrected. 
8vo,  cloth  Illustrated 150 

C  AMPIN  (FRANCIS).  On  the  Construction  of  Iron 
Roofs.  A  Theoretical  and  Practical  Treatise,  with 
wood  cuts  and  Plates  of  Roofs  recently  executed. 
8vo,  cloth 2  00 

CARTER  (E.  T.).  Motive  Power  and  Gearing  for 
Electrical  Machinery.  A  Treatise  on  the  Theory 
and  Practice  of  the  Mechanical  Equipment  of  Power 
Stations  for  Electric  supply  and  for  Electic  Traction, 
8vo,  cloth.  Illustrated .500 

CATHCART  (Prof.  WM.  L.).  Machine  Elements: 
Shrinkage  and  Pressure  Joints.  With  tables  and 
diagrams.  8vo,  cloth.  Illustrated net  2  50 

—  Marine  Engine  Design (In  Press.) 

CHAMBER'S  MATHEMATICAL  TABLES,  con- 
sfeting  of  logarithms  of  Numbers  1  to  108,000,  Trigo- 
nometrical, Nautical,  and  other  tables.  New  edition. 
8vo,  cloth 1  75 

CHAUVENET  (Prof.  W.).  New  Method  of  Correct- 
ing Lunar  Distances,  and  Improved  Method  of 
Finding  the  Error  and  Rate  of  a  Chronometer,  by 
Equal  Altitudes.  8vo,  cloth 2  00 

CHRISTIE  (W.  WALLACE).  Chimney  Design  and 
Theory.  A  Book  for  Engineers  and  Architects,  with 
numerous  half-tone  il  lustrations  and  plates  of  famous 
chimneys.  12mo,  cloth 300 

CHURCH  (JOHN  A.).  Notes  of  a  Metallurgical 
Journey  in  Europe.  8vo,  cloth 2  00 

CLARK  D.  (KINNEAR,  C.  E.).    A  Manual  of  Rules,  f 
Tables  and  Data  for  Mechanical  Engineers.    Based 
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on  the  most  recent  investigations.  Illustrated  with 
numerous  diagrams.  1,012  pages.  8vo,  cloth.  Sixth 

edition    5  00 

Half  morocco 7  50 

CLARK  D.  (KINNEAB,  C.  E.).  Fuel ;  its  Combust- 
ion and  Economy,  consisting  of  abridgements  of 
Treatise  on  the  Combustion  of  Coal.  By  C.  W. 
Williams ;  and  the  Economy  of  Fuel,  by  T.  S. 
Prideaux.  With  extensive  additions  in  recent  prac- 
tice in  the  Combustion  and  Economy  of  Fuel,  Coal, 
Coke,  Wood,  Peat,  Petroleum,  etc.  Fourth  edition. 
12mo,  cloth 1  50 

The  Mechanical  Engineer's  Pocket-book  of  Tables, 

Formulae,  Rules  and  Data.  A  Handy  Book  of 
Reference  for  Daily  Use  in  Engineering  Practice. 
16mo,  morocco.  Second  edition 3  00 

— Tramways,  their  Construction  and  Working,  em- 
bracing a  comprehensive  history  of  the  system, 
with  accounts  of  the  various  modes  of  traction,  a 
description  of  the  varieties  of  rolling  stock,  and 
ample  details  of  Cost  and  Working  Expenses. 
Second  edition.  Re-written  and  greatly  enlarged, 
with  upwards  of  400  illustrations.  Thick  8vo.  cloth.  9  00 

•  The  Steam  Engine.  A  Treatise  on  Steam  Engines 
and  toilers  ;  comprising  the  Principles  and  Practice 
of  the  Combustion  of  Fuel,  the  Economical  Genera- 
tion of  Steam,  the  Construction  of  Steam  Boilers,  and 
the  Principles,  Construction  and  Performance  of 
Steam  Engines,  Stationary,  Portable,  Locomotive 
and  Marine,  exemplified  in  Engines  and  Boilers  of 
recent  date.  1,300  figures  in  the  text,  and  a  series 
of  folding  plates  drawn  to  scale.  2  vols.  8vo,  cloth.  15  00 

CLARK  (JACOB  M.).  A  new  System  of  Laying  Out 
Railway  Turn-outs  instantly,  by  inspection  from 
Tables.  12mo,  leatherette 100 

CLAUSEN-THU  !<  (W.).  The  A.  B.  C.  Universal  Com- 
mercial  Electric  Telegraphic  Code  ;  especially 
adapted  for  the  use  of  Financiers,  Merchants,  Ship- 
owners, Brokers,  Agent,  etc.  Fourth  edition.  8vo, 

cloth 500 

Fifth  edition  of  same 7  00 

The  Al  Universal  Commercial  Electric  Telegraphic  »• 

Code.  Over  1,240  pp.,  and  nearly  90,000  variations. 
8vo,  cloth 750 


SCIENTIFIC  PUBLICATIONS. 


CLEEMANN  (THOS.  M.).  The  Railroad  Engineer's 
Practice.  Being  a  Short  but  Complete  Description 
of  the  Duties  of  the  Young  Engineer  in  the  Prelimi- 
nary and  Location  Surveys  and  in  Construction. 
Fourth  edition.  Revised  and  enlarged.  Illustrated. 
12mo,cloth 150 

CLEVENGER  (S.  R.).  A  Treatise  on  the  Method  of 
Government  Surveying  as  prescribed  by  the  U.  S. 
Congress  and  Commissioner  of  the  General  Land 
Office,  with  complete  Mathematical,  Astronomical 
and  Practical  Instructions  for  the  use  of  the  United 
States  Surveyors  in  the  field.  16mo,  morocco 2  50 

COFFIN  (Prof.  J.  H.  C.).  Navigation  and  Nautical 
Astronomy.  Prepared  for  the  use  of  the  U.  S.  Naval 
Academy.  New  Edition.  Revised  by  Commander 
Charles  Belknap.  52  woodcut  illustrations.  12mo, 
cloth net.  3  50 

COLE  (R.  S.,  M.  A.).  A  Treatise  on  Photographic 
Optics.  Being  an  account  of  the  Principles  of 
Optics,  so  far  as  they  apply  to  Photography.  12mo, 
cloth,  103  illustrations  and  folding  plates 2  50 

COLLINS  (JAS.  E.).  The  private  Book  of  Useful 
Alloys,  and  Memoranda  for  Goldsmiths,  Jewelers, 
etc.  18mo,  cloth 50 

CORNWALL,  (Prof.  H.  B.).  Manual  of  Blow-pipe 
Analysis,  Qualitative  and  Quantitative.  With  a 
Complete  System  of  Determinative  Mineralogy.  8vo, 
cloth.  With  many  illustrations 250 

CRAIG  (B.  F.).  Weights  and  Measures.  An  Account 
of  the  Decimal  System,  with  Tables  of  Conversion 
for  Commercial  and  Scientific  Uses.  Square  32mo, 
limp  cloth 50 

CROCKER  (F.  B.).  Electric  Lighting.  A  Practical 
Exposition  of  the  Art,  for  use  of  Engineers,  Students, 
and  others  interested  in  the  Installation  or  Operation 
of  Electrical  Plants.  Sixth  edition,  revised.  8vo, 

cloth.    Vol.  I.  The  Generating  Plant  3  00 

Vol.  II.  Distributing  Systems    and  Lamps.    Fourth 
edition 3  00 
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CROCKER,  (F.  B.),  and  S.  S.  WHEEUER.  The 
Practical  Management  of  Dynamos  and  Motors. 
Fourth  edition  | (twelfth  thousand).  Revised  and 
enlarged.  With  a  special  chapter  by  H.  A.  Foster. 
12mo,  cloth.  Illustrated 1  00 

CUMMING  (LINNAEUS,  M.  A.).  Electricity  treated 
Experimentally.  For  the  use  of  Schools  and  Students 
Newedition.  12mo,  cloth 150 

DA  VIES  (E.  H.).  Machinery  for  Metalliferous  Mines. 
A  Practical  Treatise  for  Mining  Engineers,  Metallur- 
gists and  Managers  of  Mines.  With  upwards  of  400 
illustrations.  Second  edition,  rewritten  and  en- 
larged. 8vo,  cloth net  8  00 

DAY  (CHARLES).    The  Indicator  and  its  Diagrams. 
With   Chapters   on    Engine   and   Boiler   Testing; 
Including  a  Table  of  Piston  Constants  compiled  by 
,    W.  H.  Fowler.    12mo,  cloth.    125  illustrations 2  00 

DERR  (W.  Ii.).  Block  Signal  Operation.  A  Practical 
Manual.  Oblong,  cloth 1  50 

DIXON  (D.  B.).  The  Machinist1  sand  Steam  Engineer's 
Practical  Calculator.  A  Compilation  of  Useful  Rules 
and  Problems  arithmetically  solved,  together  with 
General  Information  applicable  to  Shop-Tools,  Mill 
Gearing,  Pulleys  and  Shafts,  Steam-Boilers  and 
Engines.  Embracing  valuable  Tables  and  Instruc- 
tion in  Screw-cutting,  Valve  and  Link  Motion,  etc. 
16mo,  full  morocco,  pocket  form 1  25 

DODD  (GEO.).  Dictionary  of  Manufactures,  Mining, 
Machinery,  and  the  Industrial  Arts.  12mo,  cloth  . .  1  50 

DORR  (B.  F.)-  The  Surveyor's  Guide  and  Pocket 
Table  Book.  18mo,  morocco  flaps.  Fifth  edition, 
revised,  with  a  second  appendix 2  00 

DRAPER  (C.  H.).  An  Elementary  Text  Book  of 
Light,  Heat  and  Sound,  with  Numerous  Examples. 
Fourth  edition.  12mo,  cloth.  Illustrated 100 


-Heat  and  the  Principles   of  Thermo-Dyramics. 


With  many  illustrations  and  numerical 

12mo,  cloth 1  50 
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DUBOIS   (A.    J.).      The   New  Method  of  Graphic 

Statics.    "With  60  illustrations.    8vo,  cloth 1  60 

EDDY  (Prof.  H.  T.).  Researches  in  Graphical 
Statics.  Embracing  New  Constructions  in  Graphi- 
cal Statics,  a  New  General  Method  in  Graphical 
Statics,  And  the  Theory  of  Internal  Stress  in  Graphi- 
cal Statics.  8vo,  cloth 1  SO 

Maximum  Stresses  under   Concentrated  Loads. 

Treated  graphically.    Illustrated.    8vo,  cloth .  i  50 

EISSLEB  (M.).  The  Metallurgy  of  Gold  ;  a  Practical 
Treatise  on  the  Metallurgical  Treatment  of  Gold- 
Bearing  Ores,  including  the  Processes  of  Concentra- 
tion and  Chlorination,  and  the  Assaying,  Melting 
and  Refining  of  Gold.  Fifth  Edition,  revised  and 
greatly  enlarged.  187  illustrations.  12mo,  cloth. ...  7  50 

The  Metallurgy  of  Silver  ;  a  Practical  Treatise  on 

the  Amalgamation,  Roasting  and  Lixivation  of  Silver 
Ores,  including  the  Assa\  ing.  Melting  and  Refining 
of  Silver  Bullion.  124  illustrations.  Second  edition, 
enlarged,  12mo,  cloth 4  00 

— The  Metallurgy  of  Argentiferous  Lead  ;  a  Practi- 
cal Treatise  on  the  Smelting  of  Silver  Lead  Ores  and 
the  Refining  of  Lead  Bullion.  Including  Reports 
on  Various  Smelting  Establishments  and  Descrip- 
tions of  Modern  Smelting  Furnaces  and  Plants  in 
Europe  and  America.  With  183  illustrations.  8vov 
cloth 560 

— —  Cyanide  Process  for  the  Extraction  of  Gold  an^i 
its  Practical  Application  on  the  Witwatersrand  GoM 
Fields  in  South  Africa.  Third  edition,  revised  and 
enlarged.  8vo,  cloth.  Illustrations  and  folding  plates  3  00 

A  Hand-book   on   Modern  Explosives,   being  a 

Practical  Treatise  on  the  Manufacture  and  use  of 
Dynamite,  Gun  Cotton,  Nitro-Glycerine  and  other 
Explosive  Compounds,  including  the  manufacture 
of  Collodion -Cotton,  with  chapters  on  explosives  in 
practical  application.  Second  edition,  enlarged  with 
150  illustrations.  12mo,  cloth r  &  00 

ELIOT  (C.  TV.),  and  STOKER  (F.  H.).  A  compen- 
dious Manual  of  Qualitative  Chemical  Analysis. 
Revised  with  the  co-operation  of  the  authors,  by 
Prof.  William  R.  Nichols.  Illustrated,  twentieth  • 
edition,  newly  revised  by  Prof.  W.  B.  Lindsay.  12mo 
Cloth .... net  1  25 
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ELLIOT  (Maj.  GEO.  H.).  European  Light-House 
Systems.  Being  a  Report  of  a  Tour  of  Inspection 
made  in  1873.  51  engravings  and  21  woodcuts.  8vo, 
cloth 500 

ELLISON,  (LEWIS  M.).  Practical  Application  of 
the  Indicator.  With  reference  to  the  adjustment  of 
Valve  Gear  on  all  styles  of  Engines.  Second  edition, 
revised.  8vo.  cloth,  100  illustrations 2  04 

EVERETT  (J.  D.).  Elementary  Text-bpok  of 
Physics.  Illustrated.  Seventh  edition .  12mo,  clotl,  *  SO 

EWING  (Prof.  A.  J.).    The  Magnetic  Induction  in 

Iron  and  other  metals.    159  illustrations.    8vo,  cloth  4  00 

FANNING  (J.  T.).  A  Practical  Treatise  on  Hydrau- 
lic and  Water-Supply  Engineering.  Relating'to  the 
Hydrology,  Hydro-dynamics,  and  Practical  Con- 
struction of  Water- Works  in  North  America.  180 
illustrations.  8vo,  cloth.  Fifteenth  edition,  revis- 
ed, enlarged,  and  new  tables  and  illustrations 
added.  650  pages 5  00 

FISH  (J.  C.  L.).  Lettering  of  Working  Drawings. 
Thirteen  plates,  with  descriptive  text.  Oblong, 
9x12^,  boards 1  00 

FISKE  (Lieut.  BRADLEY  A.,  U.  S.  N.).  Electric- 
ity in  Theory  and  Practices  or,  The  Elements  of 
Electrical  Engineering.  Eighth  edition.  8vo,  cloth  2  50 

FISHER  (H.  K.  C.  and  DARBY,  W.  C.).    Students' 

Guide  to  Submarine  Cable  Testing.    8vo,  cloth 2  50 

FISHER  (W.  C.).  The  Potentiometer  and  its  Ad- 
juncts. 8vo,  cloth 2  25 

FLEISCHMANN  (W.).  The  Book  of  the  Dairy.  A 
Manual  of  the  Science  and  Practice  of  Dairy  Work. 
Translated  from  the  German,  by  C.  M.  Aikman  and 
R.  Patrick  WT right.  8vo,  cloth 400 

FLEMING  (Prof.  J.  A.).  The  Alternate  Current 
Transformer  in  Theory  and  Practice.  Vol.  1— The 
Induction  of  Electric  Currents;  611  pages.  New  edi- 
tion. Illustrated.  8vo,  cloth 500 

Vol.2.    The  Utilization  of  Induced  Currents.    Illus- 
trated.   8vo,  cloth  5  Oft 

— -t  ~  Electric  Lamps  and  Electric  Lighting.  Being  a 
course  of  four  lectures  delivered  at  the  Royal  Insti- 
tution, April-May,  1894.  8vo,  cloth,  fully  illustrated  3  00 
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FLEMING  (Prof.  J.  A.).  Electrical  Laboratory 
Notes  and  Forms,  Elementary  and  advanced.  4to, 
cloth,  illustrated 5  00 

FOLEY  (NELSON),  and  THOS.  PRAY,  Jr.     The 

Mechanical  Engineers'  Reference  Book  for  Machine 
and  Boiler  Construction,  in  2  parts.  Part  1— General 
Engineering  Data.  Part  2— Boiler  Construction. 
With  fifty-one  plates  and  numerous  illustrations, 
specially  drawn  for  this  work.  Folio,  half  mor 25  00 

FORNEY  (MATTHIAS  N.).  Catechism  of  the  Loco- 
motive. Second  edition,  revised  and  enlarged. 
Forty-sixth  thousand.  8vo,  cloth 3  50 

FOSTER  (Gen.  J.  G.,  U.  S.  A.).  Submarine  Blasting 
in  Boston  Harbor,  Massachusetts.  Removal  of 
Tower  and  Corwin  Rocks.  Illustrated  with  7j>lates 
4to,  cloth ff 350 

FOSTER  (H.  A.).  Electrical  Engineers1  Pocket  Book. 
1000  pages  with  the  collaboration  of  Eminent 
Specialists.  Third  edition,  revised.  Pocket  size, 
full  leather 5  00 

FOSTER  (JAMES).  Treatise  on  the  Evaporation 
on  Saccharine,  Chemical  and  other  Liquids  by  the 
Multiple  System  in  Vacuum  and  Open  Air.  Second 
edition.  Diagrams  and  large  plates.  8vo,  cloth 7  50 

FOWLER.  Mechanical  Engineers'  Pocket  Book  for 

1905 100 

FOX  (WM.),    and    C.    W.    THOMAS,    M.    E.      A 

Practical  Course  in  Mechanical  Drawing,  second 

edition,  revised.    12mo,  cloth,  with  plates 1  25 

FRANCIS  (JAS.  B.,  C.  E.).  Lowell  Hydraulic 
Experiments.  Being  a  selection  from  experiments 
on  Hydraulic  Motors,  on  the  Flow  of  Water  over 
Weirs,  in  open  Canals  of  uniform  rectangular 
section,  and  through  submerged  Orifices  and 
diverging  Tubes.  Made  at  Lowell,  Mass.  Fourth 
edition,  revised  and  enlarged,  with  many  new  experi- 
ments, and  illustrated  with  23  copper-plate  engrav- 
ings. 4to,  cloth 15  00 

FROST  (GEO.  H.).  Engineer's  Field  Book.  By  C. 
S.  Cross.  To  which  are  added  seven  chapters  on  Rail* 
road  Location  and  Construction.  Fourth  edition. 
12mo,  cloth • 1  00 
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JTULLEB  (GEORGE  W.).  jtteport  on  the  Investiga- 
tions into  the  Purification  of  the  Ohio  River  Water 
at  Louisville,  Kentucky,  made  to  the  President  and 
Directors  of  the  Louisville  Water  Company.  Pub 
lished  under  agreement  with  the  Directors.  4to, 
cloth.  3  full  page  plates net  10  00 

GEIPEL  (WM.),  and  KILGOUB,  CM.  H.)  A 
Pocketbo&k  of  Electrical  Engineering  Formula.  Il- 
lustrated. 18mo,  morocco 3  00 

GEBI5EK  (NICHOLAS).  Chemical  and  Physical 
Analysis  of  Milk,  Condensed  Milk  and  Infant's  Milk- 
Food.  8vo,  cloth 1  25 

GESCHWIND  (LUCIEN).  Manufacture  of  Alum  and 
Sulphates,  and  other  Salts  of  Alumina  and  Iron ; 
their  uses  and  applications  as  mordants  in  dyeing 
and  calico  printing,  and  their  other  applications  in 
the  Arts,*Manufactures,  Sanitary  Engineering.  Agri- 
culture, and  Horticulture.  Translated  from  the 
French  by  Charles  Salter.  With  tables,  figures  and 
diagrams.  8vo,  cloth,  illus net  5  00 

GIBBS  (WILLIAM  E.).  Lighting  by  Acetylene,  Gen- 
erators, Burners  and  Electric  Furnaces.  With  66 
illustrations.  Second  edition  revised.  12mo,  cloth. .  1  50 

GILLMOBE  (GEN.  Q.  A.).  Treatise  on  Limes,  Hy- 
raulic  Cements,  and  Mortars.  Papers  on  Practical 
->  Engineering,  United  States  Engineer  Department, 
No.  9,  containing  Reports  of  numerous  Experiments 
conducted  in  New  York  Cityduring  the  years  of  1858 
to  1861,  inclusive.  With  numerous  illustrations.  8vo 
cloth 400 

Practical  Treatise  on  the  Construction  of  Roads. 

Streets,  and  Pavements,  with  70  illustrations.  12mo, 
cloth 200 


-  Report  on  Strength   of  Building  Stones  in  the 


United  States,  etc.    8vo,  illustrated  cloth 1  00 

GOLDING  (HENRY  A.).  The  Theta-Phi  Diagram. 
Practically  applied  to  Steam,  Gas,  Oil  and  Air  En- 
gines .  12mo,  cloth.  Illustrated net  1  35 

GOODEVE  (T.  M.).    A  Text-Book  on  the  Steam  En- 
gine.   With  a  Supplement  on  Gas-Engines.    Twelfth  *- 
*  Edition,  enlarged.    143  illustrations.    12mo,  cloth. . .  2  00 

GOBE  (G.,  F.  B.  S.).  The  Art  of  Electrolytic  Separa- 
tion of  Metals,  etc.  (Theoretical  and  Practical.) 
Illustrated.  8vo,  cloth 350 
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GOULD  (E.  SHERMAN).  The  Arithmetic  of  the 

Steam  Engine.  8vo,  cloth 100 

GRIFFITHS  (A.  D.,  Ph.  D.).  A  Treatise  on  Manures, 
or  the  Philosophy  of  Manuring.  A  Practical  Hand- 
Book  for  the  Agriculturist,  Manufacturer  and 
Student.  12mo,  cloth 3  00 

GROVER  (FREDERICK).  Practical  Treatise  on 

Modern  Gas  and  Oil  Engines.  8vo,  cloth.-  Illustrated  2  00 

GURDEN  (RICHARD  LLOYD).  Traverse  Tables: 
computed  to  4  places  Decimals  for  every  °  of  angle 
up  to  100  of  Distance.  For  the  use  of  Surveyors  and 
Engineers.  New  Edition.  Folio,  half  morocco.  ..750 

GUY  ARTHUR  (F.).  Electric  Light  and  Power, 
giving  the  Result  of  Practical  Experience  in  Central 
Station  Work.  8vo,  cloth.  Illustrated 2  50 

HAEDER  (HERMAN  C.  E.).  A  Hand-book  on  the 
Steam  Engine.  With  especial  reference  to  small 
and  medium  sized  engines.  English  edition  re-edited 
by  the  author  from  the  second  German  edition,  and 
translated  with  considerable  additions  and  altera- 
6  tions  by  H.  H.  P.  Powels.  12mo,  cloth.  Nearly  1100 
illustrations 300 

HALL  (WM.  S.  Prof.).  Elements  of  the  Differential 
and  Integral  Calculus.  Second  edition.  8vo,  cloth. 
Illustrated net  2  25 

HALSE  Y  (F.  A.).  Slide  Valve  Gears;  an  Explanation  of 
the  action  and  Construction  of  Plain  and  Cut-off 
Slide  Valves.  Illustrated.  12mo,  cloth.  Sixtfe 
edition 150 

The  Use  of  the   Slide   Rule.      Illustrated  with 

diagrams  and  folding  plates.    16ino,  boards 50 

HAMILTON  (W.  -G.).  Useful  Information  for  Rail- 
way Men.  Tenth  Edition,  revised  and  enlarged. 
562  pages,  pocket  form.  Morocco,  gilt 2  00 

HANCOCK  (HERBERT).  Text  Book  of  Mechan- 
ics and  Hydrostatics,  with  over  500  diagrams.  8vo, 
cloth : 175 

HARRISON  (W.  B.).  The  Mechanics1  Tool  Book. 
With  Practical  Rules  and  Suggestions  for  use  of 
Machinists,  Iron- Workers,  and  others.  Illustrated 
with  44  engravings.  12mo.  cloth J  50 
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HASKINS  (C.  H.).  The  Galvanometer  and  its  Uses. 
A  Manual  for  Electricians  and  Students.  Fourth 
edition.  12mo,  cloth 150 

HAWKE  (WULLIAM  H.).  The  Premier  Cipher 
Telegraphic  Code  Containing  100,000  Words  and 
Phrases.  The  most  complete  and  most  useful  general 
code  yet  published.  4to,  cloth 5  00 

100,000  Words;  Supplement  to  the  Premier  Code. 

All  the  words  are  selected  from  the  official  vocabu- 
lary. Oblong  quarto,  cloth 4  20  . 

HAWKINS  (C.  C.)  and  WALLIS  (F.).  Th^  Dynamo; 
its  Theory,  Design  and  Manufacture.  190  illustra- 
tions, 12mo,  cloth. 300 

HAY  (ALFRED).  Principles  of  Alternate-Current 
Working.  12mo,  cloth,  illustrated 2  00 

HEAP  (Major  I>.  P.,  U.  S.  A.).  Electrical  Appliances 
of  the  Present  Day.  Report  of  the  Paris  Electrical 
Exposition  of  1881.  250  illustrations.  8vo,  cloth 2  00 

HEAVISIDE  (OLIVER).  Electromagnetic  Theory. 
8vo,  c  oth,  two  volumes  each 5  00 

HENRICI  (OLAUS).  Skeleton  Structures,  Applied 
to  the  Building  of  Steel  and  Iron  Bridges.  Illustrated  1  50 

HERRMAN  N  (GUST A V).  The  Graphical  Statics  of  . 
Mechanism.  A  Guide  for  the  Use  of  Machinists, 
Architec  s,  and  Engineers;  and  also  a  Textbook  for 
Technical  Schools.  Translated  and  annotated  by  A. 
P.  Smith,  M.  E.  12mo,  cloth,  7  folding  plates.  Third 
Edition 2  00 

HERMANN  (FELIX).  Painting  on  Glass  and  Porce- 
lain and  Enamel  Painting.  On  the  Basis  of  Personal 
Practical  Experience  ( f  the  Condition  of  the  Art  up 
to  date  Translated  by  Charles  .Salter.  Second 
greatly  enlarged  edition.  8vo,  cloth,  Illustrations, 
net 350 

HEWSON  (WM.).  Principles  and  Practice  of  Em- 
banking Lands  from  River  Floods,  as  applied  to  the 
Levees  of  the  Mississippi.  8vo,  cloth 2  00 

HILL  (JOHN  W.).  The  Purification  of  Public  Water 
Supplies.  Illustrated  with  valuable  Tables,  Dia- 
grams and  Cuts.  8vo,  clotb,  304  pages 3  00 

• The  Interpretation  of  Water  Analyses. .  (In  Press) 
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HOBBS  (W.  B.  P.).  The  Arithmetic  of  Electrical 
Measurements  with  numerous  examples.  Fully 
Worked,  12mo,  cloth  ..................................  50 

HOFF  (WM.  B.,  Com.  U.  S.  Navy.).  The  Avoidance 
of  Collisions  at  Sea.  18mo,  morocco  ................  75 

HOIXEY  (ALEXANDEB  I,.)-  Railway  Practice. 
American  and  European  Railway  practice  in  the 
Economical  Generation  of  Steam.  77  lithographed 
plates.  Folio,  cloth  .......  .  ......................  12  00 

HOL.MES  (A.  BBOMX.EY).  The  Electric  Light  Pop- 
ularly Explained.  Fifth  Edition.  Illustrated.  12mo, 
paper  ..............................................  50 

HOPKINS  (NEVLL  M.).  Model  Engines  and  small 
Boats.  New  Methods  of  Engine  and  Boiler  Making 
with  a  chapter  on  Elementary  Ship  Design  and 
Construction.  12mo,  cloth  ................  ........  125 

HOSPITAMEB  (E.).  Polyphased  Alternating  Cur- 
rents. Illustrated.  8vo,  cloth  ....................  140 

HOWABD  (C.  B.).  Earthwork  Mensuration  on  the 
Basis  of  the  Prismoidal  Formulae.  Containing 
Simple  and  Labor-saving  Methods  of  obtaining  Pris- 
moidal Contents  directly  from  End  Areas.  Illustra- 
ted by  Examples  and  accompained  by  Plain  Rules 
for  Practical  Uses.  Illustrated.  8vo,  cloth  ........  1  60 

HUMBEB  (WIIXIAM,  C.  E.).  A  Handy  Book  for 
the  Calculation  of  Strains  in  Girders  and  Similar 
Structures,  and  their  Strength  ;  Consisting  of 
Formulae  and  Corresponding  Diagrams,  with 
numerous  details  for  practical  application,  etc. 
Fourth  Edition.  12mo,  cloth  .......................  2  50 

HTJBST  (GEOBGE  H.).  Colour;  A  Hand-book  of  the 
Theory  of  Colour.  Containing  ten  coloured  plates 
and  72  diagrams.  8vo,  cloth.  Illustrated.  Price  —  250 


Lubricating  Oils,  Fats  and  Greases.  Their  Origin  , 
Preparation,  Properties,  Uses  and  Analysis.  313 
pages,  with  65  illustrations.  8vo,  cloth  .............  3  00 

—  Soaps;  A  Practical  Manual  of  the  Manufacture  of 
Domestic,  Toilet  and  other  Soaps.  Illustrated  with 
66  Engravings.  8vo,  cloth  ...........................  5  00 


UNIVERSITY.; 
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HUTCHINSON  (W.  B.).  Patents  and  How  to  Make 
Mo;  ey  out  of  Them.  Member  of  New  York  Bar. 
12mo,  cloth.  New  York,  1899  1  25 

HUTTON  (W.  $.)•  Steam  Boiler  Construction.  A 
Practical  Hand-book  for  Engineers,  Boiler  Makers 
and  Steam  Users.  Containing  a  large  collection 
of  rules  and  data  relating  to  recent  practice  in  the 
design,  construction,  and  working  of  all  kinds  of 
stationary,  locomotive  and  marine  steam  boilers. 
With  upwards  of  500  illustrations.  Third  edition. 
Carefully  revised  and  much  enlarged.  8vo,  cloth.. .  6  00 

— —  Practica  Engineer's  Hand-book,  Comprising  a 
treatise  on  Modern  Engines  and  Boilers,  Marine, 
Locomotive  and  Stationary.  Fourth  edition.  Care- 
fully revised  with  additions.  With  upwards  of  570 
illustrations.  8vo,  cloth 7  00 

•  The  Works'   Manager's   Hand-book  of  Modern 
Rules,  Tables,  and  Data  for  Civil  and  Mechanical 
Engineers.    Millwrights  and  Boiler  Makers,  etc. ,  etc. 
With  upwards  of  150  illustrations.    Fifth  edition. 
Carefully  revised,  with  additions.    8vo,  cloth 6  00 

INNES  (CHARLES  H.)»  Problems  in  Machine  Design. 
For  the  Use  of  Students,  Draughtsmen  and  others. 
12mo,  cloth 1  50 

—  Centrifugal  Pumps,  Turbines  and  Water  Motors. 
Including  the  Theory  and  Practice  of  Hydraulics. 
12mo,  cloth net  2  00 

ISHERWOOD  (B.  F.).  Engineering  Precedents  for 
Steam  Machinery.  Arranged  in  the  most  practical 
and  useful  manner  for  Engineers.  With  illustra- 
tions. 2  vols.  in  1.  8vo,  cloth 2  50 

tFAMESON  (CHARLES  D.).  Portland  Cement.  Its 
Manufacture  and  Use.  8vo,  cloth 1  50 

tJAMIESON  (ANDREW  C.  E.).  A  Text-Book  on 
Steam  and  Steam  Engines.  Specially  arranged  for 
the  use  of  Science  and  Art,  City  and  Guilds  of  London 
Institute,  and  other  Engineering  Students.  Tenth 
edition.  lUustrated.  12mo,  cloth 3  00 

•  Elementary  Manual  on   Steam  and  the  Steam 
Engine.    Specially  arranged  for  the  use  of  First- 
Year  Science  and  Art,  City  and  Guilds  of  London 
Institute,     and    other     Elementary     Engineering 
Students.    Third  edition.    12ino,  cloth 1  50 


SCIENTIFIC   PUBLICATIONS. 


tTANNETTAZ  (EDWARD).  A  Guide  to  the  Deter- 
mination of  Rocks  :  being  an  Introduction  to 
Lithology.  Translated  from  the  French  by  G.  W. 
Plympton,  Professor  of  Physical  Science  at  Brook- 
lyn Polytechnic  Institute.  12mo,  cloth  .............  1  50 

JOHNSTON,  Prof.  J.  F.  W.,  and  CAMERON,  Sir 
CHAS.  Elements  of  Agricultural  Chemistry  and 
Geology.  Seventeenth  edition.  12mo,  cloth  ........  2  60 

JOYNSON  (F.  H.).  The  Metals  used  in  Construction. 
Iron,  Steel,  Bessemer  Metal,  etc.  Illustrated.  12mo, 
cloth  .....  ............................................  75 

—  —  Designing  and  Construction  of  Machine  Gearing. 

Illustrated.  8vo,  cloth  ...........................  .  2  00 

KANSAS  CITY  BRIDGE  (THE.)  With  an  Account 
of  the  Regimen  of  the  Missouri  River  and  a  Descrip- 
tion of  the  Methods  used  for  Founding  in  that  River. 
By  O.  Chanute,  Chief  Engineer,  and  George  Morri- 
son, Assistant  Engineer.  Illustrated  with  5  litho- 
graphic views  and  12  plates  of  plans.  4to,  cloth  ____  6  00 

KAPP  (GISBERT  C.  E.).  Electric  Transmission 
of  Energy  and  its  Transformation,  Subdivision,  and 
Distribution.  A  Practical  Hand-book.  Fourth 
edition,  revised.  12mo,  cloth  .............  ..........  3  50 


-  Dynamos,   Alternators  and  Transformers. 


Illustrations.    12mo,  cloth 4  00 

KEMPE  (H.  R.).  The  Electrical  Engineer's  Pocket- 
Book  of  Modern  Rules,  Formulae,  Tables  and  Data. 
Illustrated.  32mo,  mor.  gilt 1  75 

KENNEL.L.Y  (A.  E.).  Theoretical  Elements  of  Elec- 
tro-Dynamic Machinery.  8vo,  cloth 1  50 

KILGOUR,  M.  H.,  SWAN,  H.,  and  BIGGS,  C.  H. 

W.  Electrical  Distribution;  its  Theory  and  Practice. 
174  Illustrations.    12mo,  cloth 4  00 

KING  (W.  H.).  Lessons  and  Practical  Notes  on 
Steam.  The  Steam  Engine,  Propellers,  etc.,  for 
Young  Marine  Engineers,  Students,  and  others. 
Revised  by  Chief  Engineer  J.  W.  King,  United  States 
Navy.  Nineteenth  edition,  enlarged.  8vo,  cloth 2  00 

KINGDON  (J.  A.).  Applied  Magnetism.  An  intro- 
duction to  the  Design  of  Electromagnetic  Apparatus. 
8vo,  cloth 300 
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KIRKALDY  (WM.  G.).  Illustrations  of  David  Kirk- 
aldy's  System  of  ^Mechanical  Testing,  as  Originated 
and  Carried  ( )u  by  him  during  a  Quarter  of  a  Century. 
Comprising  a  Large  Selection  of  Tabulated  Results, 
showing  the  Strength  and  other  Properties  of  Mate- 
rials used  in  Construction,  with  explanatory  Text 
and  His'orical  Sketch.  Numerous  engravings  and 
25  lithographed  plates.  4to,  cloth 20  00 

KIRKWOOI>  (JAS.  P.).  Report  on  the  Filtration  of 
River  Waters  for  the  supply  of  Cities,  as  practised  in 
Europe,  made  to  the  Board  of  Water  Commissioners 
of  the  City  of  St.  Louis.  Illustrated  by  30  double- 
plate  engravings.  4to,  cloth 7  50 

KNIGHT  (AUSTIN  M.,  Lieutenant- Commander, 
U.  8.  N).  Modern  Seamanship.  Illustrated  with  136 
full-page  plates  and  diagrams.  8vo,  cloth.  Second 

edition,  revised net  6  00 

Half  morocco 7  50 

LARRABKE  (C.  S.).  Cipher  and  Secret  Letter  and 
Telegraphic  Code,  with  Hog's  Improvements.  The 
most  perfect  Secret  Code  ever  invented  or  discov- 
ered. Impossible  to  read  without  the  key.  18mo, 
cloth 60 

L.EASK  (A.  RITCHIE).  Breakdowns  at  Sea  and 
How  to  Repair  Them.  With  eighty-nine  Illustra- 
tions. 8vo,  cloth.  Second  edition 2  00 

Triple  and  Quadruple    Expansion    Engines  and 

Boilers   and   their   Management.     With   fifty-nine 
illustrations.    Third  edition,  revised.    12mo,  cloth . .  2  00 


-  Refrigerating    Machinery :   Its    Principles   and 


Management.    With  sixty-four  illustrations.    12mo, 
cloth 2  00 

tECKY  (S.  T.  S.).  "  Wrinkles  "  in  Practical  Naviga- 
tion. With  130  illustrations.  8vo,  cloth.  Ninth 
edition,  revised .*.. net  8  00 

(C.  1,.).  Electric  Light  Primer.  A  Simple  and 
Comprehensive  Digest  of  all  of  the  most  important 
facts  connected  with  the  running  of  the  dynamo,  and 
electric  lights,  with  precautions  for  safety.  For  the 
use  of  persons  whose  duty  it  is  to  look  after  the 
plant.  8vo,  paper 50 


SCIENTIFIC  -PUBLICATIONS.  21 

LIVACHE  (ACH.,    Ingenieur  Civil  Des   Mines). 

The  Manufacture  of  Varnishes,  Oil  Crushing,  Refin- 
ing and  Boiling  and  Kindred  Industries.  Translated 
from  the  French  and  greatly  extended,  by  John 
Gteddes  Mclntosh.  8vo,  cloth.  Illustrated net  5  00 

LOCKE  (ALFRED  G.,  and  CHARLES  G.)  A  Prac- 
tical Treatise  on  the  Manufacture  of  Sulphuric  Acid. 
With  77  Constructive  Plates  drawn  to  8cale  Meas- 
urements, and  other  Illustrations.  Royal  8vo,  cloth.10  00 

LOCKERT  (LOUIS).  Petroleum  Motor-Cars.  12mo, 
cloth 1  50 

LOCKWOOD  (THOS.  !>.)•  Electricity,  Magnetism, 
and  Electro-Telegraphy.  A  Practical  Guide  for 
Students,  Operators,  and  Inspectors.  8vo,  cloth. 
Third  edition 2  50 

—  Electrical  Measurement  and  the  Galvanometer ; 
its  Construction  and  Uses.  Second  edition.  32  illus- 
trations. 12mo,  cloth 1  50 

LODGE  (OLIVER  J.).  Elementary  Mechanics, 
including  Hydrostatics  and  Pneumatics.  Revised 
edition.  12mo,  cloth 150 

LORING  (A.  E.).  A  Hand  book  of  the  Electro-Mag- 
netic Telegraph.  Fourth  edition,  revised 

UJCE  (Com.  S.  B.).  Text-Book  of  Seamanship.  The 
Equipping  and  Handling  of  Vessels  under  Sail  or 
Steam.  For  the  use  of  the  U.  S.  Naval  Academy. 
Revised  and  enlarged  edition,  by  Lt.  Wm.  S.  Benson. 
8vo,cloth 1000 

liUNGE  (GEO.)«  A  Theoretical  and  Practical  Treatise 
on  the  Manufacture  of  Sulphuric  Acid  and  Alkali 
with  the  Collateral  Branches.  Vol.  I.  Sulphuric 
Acid,  Second  edition,  revised  and  enlarged.  342 

illustrations.    8vo,  cloth 1500 

Vol.    II.     Second  edition,   revised  and  enlarged. 

8vo,  cloth 16  80 

Vol  HI.    8vo,  cloth.    New  edition,  1896 15  00 

LUNGE.  (GEO.),  and  HURTER,  F.  The  Alkali 
Maker's  Pocket-Book.  Tables  and  Analytical  Meth- 
ods for  Manufacturers  of  Sulphuric  Acid,  Nitric 
Acid,  Soda,  Potash  and  Ammonia.  Second  edition. 
12mo,  cloth  . .  3  jfe 


D.    VAN   NOSTRAND    COMPANY'S 


LUQUER  (LEA  McILVAINE,  Ph.  D.).  Minerals 
in  Rock  Sections.  The  Practical  Method  of  Identi- 
fying Minerals  in  Rock  Sections  with  the  micro- 
scope, Especially  arranged  for  Students  in  Technical 
and  Scientific  Schools.  8vo.  cloth.  Illustrated.. net  1  50 

MACKROW  (CLEMENT).  The  Naval  Architect's 
and  Ship-Builder's  Pocket-Book  of  Formulae,  Rules 
and  Tables;  and  Engineers'  and  Surveyors'  Handy- 
Book  of  Reference.  Eighth  edition,  revised  and  en- 
larged. 16mo,  limp  leather.  Illustrated 5  OC 

MAGUIRE  (Capt.  EDWARD.  U.  S.  A.).  The 
Attack  and  Defence  of  Coast  Fortifications.  With 
Maps  and  Numerous  Illustrations.  8vo,  cloth 2  50 

MAGUIRE  (WM.  R.).  Domestic  Sanitary  Drainage 
and  Plumbing  Lectures  on  Practical  Sanitation.  332 
illustrations.  8vo 4  00 

MARKS  (EDWARD  C.  R.).  Mechanical  Engineering  % 
Materials:  their  Properties  and  Treatment  in  Con- 
struction.   12mo,  cloth.    Illustrated 60 


-  Notes  on  the  Construction  of  Cranes  and  Lifting 


Machinery.    12mo,  cloth 1  50 

MARKS  (G.  C.).  Hydraulic  Power  Engineering:  a 
Practical  Manual  on  the  Concentration  and  Trans- 
mission of  Power  by  Hydraulic  Machinery.  With 
over  200  diagrams,  figures,  and  tables.  8vo,  cloth. 
Illustrated 3  50 

MAVER   (WM.).     American   Telegraphy:    Systems, 

Apparatus,  Operation.    450  illustrations.  8vo,  cloth.  3  50 

MAYER  (Prof.  A.  M.).    Lecture  Notes  on  Physics. 

8vo,  cloth 2  00 

McCULLOCH  (Prof.  R.  S.).  Elementary  Treatise 
on  the  Mechanical  Theory  of  Heat,  and  its  applica- 
tion to  Air  and  Steam  Engines.  8vo,  cloth 3  50 

McNEIIX  (BEDFORD).  McNeill's  Code.  Arranged 
to  meet  the  requirements  of  Mining,  Metallurgical 
(and  Civil  Engineers,  Directors  of  Mining,  Smelt- 
-*ing  and  other  Companies,  Bankers,  Stock  and  Share 
Brokers,  Solicitors,  Accountants,  Financiers,  and 
General  Merchants.  Safety  and  Secrecy.  8vo,  cloth.  600 
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McPHERSON  (J.  A.,  A.  M.  Inst.  C.  E.).  Water- 
works Distribution:  a  practical  guide  to  the  laying 
out  of  systems  of  distributing  mains  for  the  supply 
of  water  to  cities  and  'towns.  With  tables,  folding 
plates  and  numerous  full-page  diagrams.  8vo, 
cloth.  Illustrated • 2  SO 

METAL,  TURNING.  By  a  Foreman  Pattern  Maker. 
Illustrated  with  81  engravings.  12mo,  cloth 1 50 

MINIFIE  (WM.).  Mechanical  Drawing.  A  Text- 
bonk  f  Geometrical  Draw  ng  for  the  use  of  Mechanics 
and  Schools,  in  which  »he  Definitions  and  Rules  of 
Geometry  t.re  familiarly  explained;  the  Practical 
Problems  are  arranged  from  the  most  simple  to  the 
more  complex,  and  in  their  description  technicalities 
are  avoided  as  mu(  h  as  possible.  With  illustrations 

*  for  Drawing  Plans,  Sections,  and  Elevations  of  Rail- 
ways and  Machinery;  an  Introduction  to  Isometrical 
Drawing,  acd  an  Essay  on  Linear  Perspective  and 
Shadows  Illustrated  with  over  200  diagrams 
engraved  on  steel.  Ninth  thousand.  With  an  appen- 
dix on  the  Theory  and  Application  of  Colors.  8vo, 
clota 400 

Geometrical  Drawing.  Abridged  from  the  Octavo 

edition,  for  the  use  of  schools.    Illustrated  with  48 
steel  plates.    Ninth  edition.    12mo,  cloth 2  00 

MODERN  METEOROLOGY.  A  Series  of  Six 
Lectu  es,  delivered  under  the  auspices  of  the  Meteor- 
ological Society  in  1870.  Illustrated.  12mo,  cloth  .  1  50 

MOREING  (C.  A.),  and  NEAL  (THOMAS). .  Tele- 
graphic Mining  Co.ie  Alphabetically  arranged. 
Second  edition.  8vo,  cloth 8  40 

MORRIS  (E.).  Easy  Rules  for  the  Measurement  of 
Earthworks  by  means  of  the  Prism oidal  Formula. 
8vo,  cloth.  Illustrated 1  50 

MOSES  (ALFRED  J.),  and  PARSONS,  C.  L.  Ele- 
ments of  Mineralogy,  Crystallography  and  Blowpipe 
Analysis  from  a  practical  standpoint.  Fourth 
thousand.  8vo,  cloth.  366  illustrations net  2  50 

MOSES  (ALFRED  J.).  The  Characters  of  Crystals. 
An  Introduction  to  Physical  Crystallography,  con- 
taining 321  Illustrations  and  Diagrams.  8vo,  211 
PP net  200 
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MOO  UK  (E.  C.  S.).  New  Tables  for  the  Complete 
Solution  of  Ganguillet  and  Kutter's  Formula  for  the 
flow  of  liquids  in  open  channels,  pipes,  sewers  and 
conduits.  In  two  parts.  Part  I,  arranged  for  1 ,080 
inclinations  from  1  over  1  to  1  over  21,120  for  fifteen 
different  values  of  (?i).  Part  II,  for  use  with  all  other 
values  of  (?i).  With  large  folding  diagram.  8vo, 
cloth.  Illustrated net  5  00 

MUIXIN  (JOSEPH  P.,  M.  E.).  Modern  Moulding 
and  Pattern-Making.  A  Practical  Treatise  upon 
Pattern  Shop  and  Foundry  Work ;  embracing  the 
Moulding  of  Pulleys,  Spur  Gears,  Worm  Gears,  Bal- 
ance-Wheels,  Stationary  Engine  and  Locomotive 
Cylinders,  Globe  Valves,  Tool  Work,  Mining  Machin- 
ery, Screw  Propellers,  Pattern-Shop  Machinery,  and 
the  latest  improvements  in  English  and  American 
Cupolas;  together  with  a  large  collection  of  original  * 
and  carefully  selected  Rules  and  Tables  for  every- 
day use  in  the  Drawing  Office,  Pattern-Shop  and 
Foundry.  12mo,  cloth.  Illustrated 2  50 

MUNBO      (JOHN     C.      E.),     and      JAMIESON 

ANDREW.  C.  E.  A  Pocket-book  of  Electrical 
Rules  and  Tables  for  the  use  of  Electricians  and 
ft  Engineers.  Thirteenth  edition,  revised  and  enlarged. 
With  numerous  diagrams.  Pocket  size.  Leather..  250 

MURPHY  (J.  G.,  M.  E.).  Practical  Mining.  A 
Field  Manual  for  Mining  Engineers.  With  Hints  for 
Investors  in  Mining  Properties.  16mo,  morocco 
tucks 100 

NAQUET  (A.).  Legal  Chemistry.  A  Guide  to  the 
Detection  of  Poisons,  Falsification  of  Writings, 
Adulteration  of  Alimentary  and  Pharmaceutical 
Substances,  Analysis  of  Ashes,  and  examination  of 
Hair,  Coins,  Arms,  and  Stains,  as  applied  to  Chemi- 
cal Jurisprudence.  Translated  from  the  French, 
by  J.  P.  Battershall,  Ph  D.,  with  a  preface  by  C.  F. 
Chandler,  Ph.  D.,  M.  D.,  LL.  D.  12mo,  cloth 2  00 

NASMITH  (JOSEPH).  The  Student's  Cotton  Spin- 
ning. Third  edition,  revised  and  enlarged.  8vo, 
cloth.  622  pages.  250  Illustrations 3  00 

NEWALX,  (JOHN  W.).  Plain  Practical  Directions 
for  Drawing,  Sizing  and  Cutting  Bevel-Gears,  show- 
ing how  the  Teeth  may  be  cut  in  a  Plain  Milling 
Machine  or  Gear  Cutter  so  as  to  give  them  a  correct 
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shape  from  end  to  end;  and  showing  how  to  get  out 

1  50 

NEU BURGER  (HENRY)  and  HENRI  NO  AIL- 
HAT.  Technology  of  Petroleum.  The  Oil  Fields 
of  the  World;  their  History,  Geography  and  Geology. 
With  153  illustrations  and  25  plates.  Translated 
from  the  French  by  John  Geddes  Mclntosh.  8vo, 
cloth net  10  00 

NEWLANDS  (JAMES).  The  Carpenters'  and  Join- 
ers' Assistant:  being  a  Comprehensive  Treatise  on 
the  Selection,  Preparation  and  Strength  of  Mate- 
rials, and  the  Mechanical  Principles  of  Framing. 
Illustrated.  Folio,  half  morocco 15  00 

NIPHER  (FRANCIS  E.,  A.  M.).  Theory  of  Mag- 
netic Measurements,  with  an  appendix  on  the 
Method  of  Least  Squares.  12mo,  cloth  1  00 

NOAO  (HENRY  M.).  The  Students'  Text-Book  of 
Electricity.  A  new  edition,  carefully  revised.  With 
an  Introduction  and  additional  chapters  by  W.  H. 
Preece.  With  471  illustrations.  12mo,  cloth 4  00 

NUGENT  (E.).  Treatise  on  Optics;  or,  Light  and  Sight 
theoretically  and  practically  treated,  with  the  appli- 
cation to  Fine  Art  and  Industrial  Pursuits.  With 
J03  illustrations.  12mo,  cloth.  1  50 

O'CONNOR  (HENRY).  The  Gas  Engineer's  Pocket- 
Book.  Comprising  Tables,  Notes  and  Memoranda; 
relating  to  the  Manufacture,  Distribution  and  Use 
of  Coal  Gas  and  the  Construction  of  Gas  Works. 
12mo,  full  leather,  gilt  edges 3  50 

OUDIN  (M.  A.).  Standard  Polyphase  Apparatus  and 
Systems.  With  many  photo-reproductions,  dia- 
grams, and  tables.  Third  edition,  revised.  8vo, 
cloth.  Illustrated 3  00 

PAGE  (DAVID).  The  Earth's  Crust,  A  Handy  Out- 
line of  Geology.  16mo,  cloth 75 

PALAZ  (A.,  ScD.).  A  Treatise  on  Industrial  Pho- 
tometry, with  special  application  to  Electric  Light- 
,  ing.  Authorized  translation  from  the  French,  by 
George  W.  Patterson,  Jr.  Second  edition,  revised. 
8vo,cloth.  Illustrated 400 
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PARSHALI.      (H.     F.)     and     H.     M.     HOB  ART. 

Armature  Windings  of  Electric  Machines.  With  140 
full-page  plates,  65  tables,  and  1C5  pages  of  descrip- 
tive letter-press.  4to,  cloth 7  50 

PEIKCE  (B.)»     System  of  Analytic  Mechanics.    4to, 

cloth 10  00 

PEKBINE  (F.  A.  C.,  A.M.,  D.Sc.).  Conductors 
for  Electrical  Distribution;  their  Manufacture  and 
Materials,  the  Calculation  of  Circuits,  Pole-Line 
Construction,  Underground  Working  and  other  Uses. 

8vo,  cloth.    Illustrated net  3  50 

Postage      25 

PERRY  (JOHN).  Applied  Mechanics.  A  Treatise 
for  the  use  of  students  who  have  time  to  work 
experimental,  numerical  and  graphical  exercises 
illustrating  the  subject.  8vo,  cloth.  650  pages., net  2  50 

FHIIXIPS  (JOSHUA).  Engineering  Chemistry.  A 
Practical  Treatise  for  the  use  of  Analytical  Chem- 
ists, Engineers,  Iron  Masters,  Iron  Founders, 
students  and  others.  Comprising  methods  of  Analy- 
sis and  Valuation  of  the  principal  materials  used  in 
Engineering  works,  with  numerous  Analyses,  Exam- 
ples and  Suggestions.  314  illustrations.  Second 
edition,  revised  and  enlarged.  8vo,  cloth 4  50 

PICKWORTH  (CHAS.  N.).  The  Indicator  Hand- 
book. A  Practical  Manual  for  Engineers.  Part  I. 
The  Indicator:  Its  Construction  and  Application.  81 
illustrations.  12mo,  cloth 1  50 

—  The  Slide  Rule,  A  Practical  Manual  of  Instruc- 
tion for  all  Users  of  the  Modern  Type  of  Slide  Rule, 
exhibiting  the  Application  of  the  Instrument  to  the 
Everyday  Work  of  the  Engineer,— Civil,  Mechanical 
and  Electrical.  12mo,  flexible  cloth.  Fifth  edition.  80 

PLANE  TABLE  (THE).  Its  Uses  in  Topographical 
Surveying.  From  the  Papers  of  the  United  States 
Coast  Survey.  Illustrated.  8vo,  cloth 2  00 

PLANTE  (GASTON).  The  Storage  of  Electrical 
Energy,  and  Researches  in  the  Effects  created  by 
Currents,  combining  Quantity  with  High  Tension. 
Translated  from  the  French  by  Paul  B.  Elwell.  89 
illustrations.  8vo 400 

PLATTNER.  Manual  of  Qualitative  and  Quantitative 
Analysis  with  the  Blow-Pipe.  Eighth  edition,  re- 
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vised.  Translated  by  Henry  B.  Cornwall,  E.M.,  Ph.D., 
assisted  by  John  H.  Caswell,  A.M.  From  the  sixth 
German  edition,  by  Prof.  Friedrich  Kolbeck.  Illus- 
trated with  87  woodcuts.  463  pages.  8vo,  cloth.. net  4  00 

PLYMPTON  (Prof.  GEO.  W.).  The  Aneroid  Ba- 
rometer: its  Construction  and  Use.  Compiled  from 
several  sources.  Fourth  edition.  16mo,  boards. 
Illustrated . .  50 

POCKET  LOGARITHMS,  to  Four  Places  of  Deci- 
mals, including  Logarithms  of  Numbers,  and  Loga- 
rithmic Sines  and  Tangents  to  Single  Minutes.  To 
which  is  added  a  Table  of  Natural  Sines,  Tangents, 
and  Co-Tangents.  16mo,  boards 50 

POPE  (F.  I,.).  Modern  Practice  of  the  Electric  Tele- 
graph. A  Technical  Hand-book  for  Electricians, 
Managers  and  Operators.  Fifteenth  edition,  rewrit- 
ten and  enlarged,  and  fully  illustrated.  8vo,  cloth.  1  50 

POPPLEWEIX  (W.  C.).  Elementary  Treatise  on 
Heat  and  Heat  Engines.  Specially  adapted  for 
engineers  and  students  of  engineering.  12mo,  cloth. 
Illustrated 3  00 

PO WLES  (H.  H.).    Steam  Boilers an  Press.) 

PRAY  (Jr.,  THOMAS).  Twenty  Years  with  the 
Indicator;  being  a  Practical  Text-Book  for  the 
Engineer  or  the  Student,  with  no  complex  Formulae. 
Illustrated.  8vo,  cloth 250 

Steam  Tables  and  Engine  Constant.  Compiled 

from  Regnault,  Rankineand  Dixon  directly,  making 
use  of  the  exact  records.  8vo,  cloth 2  00 

PRACTICAL  IRON  FOUNDING.  By  the  Author 
of  "Pattern  Making,"  &c.,  &c.  Illustrated  with 
over  one  hundred  engravings.  12mo,  cloth 1  50 

PREECE  (W.  H.).    Electric  Lamps (In  Press.) 

PREECE  (W.    H.),  and    STUBBS,  A.  T.    Manual 

of  Telephony.  Illustrations  and  plates.  12mo,  cloth.  4  50 

PREMIER  CODE.    (See  Hawk,  Wm.  H.) 

PRESCOTT    (Prof.    A.    B.).    Organic    Analysis.    A 

Manual  of  the  Descriptive  and  Analytical  Chemistry 

of  certain  Carbon  Compounds  in  Common  Use:  a 

">  Guide  in  the  Qualitative  and  Quantitative  Analysis 

of  Organic  Materials  in  Commercial  and  Pharma- 
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ceutical  Assays,  in  the  estimation  of  Impurities 
under  Authorized  Standards,  and  in  Forensic  Exam- 
inations for  Poisons,  with  Directions  for  Elementary 
Organic  Analysis.  Fifth  edition.  8vo,  cioth 5  00 

PBESCOTT  (Prof.  A.  B.).  Outlines  of  Proximate 
Organic  Analysis,  for  the  Identification,  Separation, 
and  Quantitative  Determination  of  the  more  com- 
monly occurring  Organic  Compounds.  Fourth  edi- 
tion. 12mo,  cloth 1  75 

First  Book  in  Qualitative  Chemistry.     Eighth 

edition.    12mo,  cloth 150 

and  Otis  Coe  Johnson.  Qualitative  Chemical 

Analysis.  A  Guide  in  the  Practical  Study  of  Chem- 
istry and  in  the  work  of  Analysis.  Fifth  fully  re- 
vised edition.  With  Descriptive  Chemistry  extended 
throughout net  3  50 

PBITCHABD  (O.  G.).  The  Manufacture  of  Electric 
Light  Carbons.  Illustrated.  8vo,  paper  60 

PUI^EN  (W.  W.  F.).  Application  of  Graphic  Meth- 
ods to  the  Design  of  Structures.  Specially  prepared 
for  the  use  of  Engineers.  12mo,  cloth.  Illustrated. 

net  2  50 

PULSIFEB  (W.  H.).  Notes  for  a  History  of  Lead. 

8vo,  cloth,  gilt  tops 4  00 

PYNCHON  (Prof.  T.  B.).  Introduction  to  Chemical 
Physics,  designed  for  the  use  of  Academies,  Col- 
leges, and  High  Schools.  Illustrated  with  numerous 
engravings,  and  containing  copious  experiments 
with  directions  for  preparing  them.  New  edition, 
revised  and  enlarged,  and  illustrated  by  269  illustra- 
tions on  wood.  8vo,  cloth 3  00 

BADFOBD  (Lieut.  CYBUS  S.).  Hand-book  on 
Naval  Gunnery.  Prepared  by  Authority  of  the  Navy 
Department.  For  the  use  of  U.  S.  Navy,  U.  S. 
Marine  Corps  and  U.  S.  Naval  Reserves.  Revised 
and  enlarged,  with  the  assistance  of  Stokely  Morgan, 
Lieut.  U.  S.  N.  Third  edition.  12mo,  flexible  leather.  2  00 

BAFTEB  (GEO.  TV.),  and  M.  N.  BAKEB.  Sew- 
age Disposal  in  the  United  States.  Illustrations  and 
folding  plates.  Second  edition.  8vo,  cloth 6  00 

BAM  (GILBEBT  S.).  The  Incandescent  Lamp  and 
its  Manufacture,  8vo.  cloth 3  00 
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BANDAIX  (J.  E.)-  A  Practical  Treatise  on  the 
Incandescent  Lamp.  Illustrated.  16mo,  cloth 60 

BANDAI/L  (P.  M.).  Quartz  Operator's  Hand-book. 
New  edition,  revised  and  enlarged,  fully  illustrated. 
12mo,  cloth 200 

BANKINE  (W.  J.  MACQUOBN.)  Applied  Mechan- 
ics. Comprising  the  Principles  of  Statics  and  Cine- 
matics, and  Theory  of  Structures,  Mechanism,  and 
Machines.  With  numerous  diagrams.  Fifteenth 
edition.  Thoroughly  revised  by  W.  J.  Millar.  8vo, 
cloth 500 


-  Civil  Engineering.    Comprising  Engineering  Sur- 


veys, Earthwork,  Foundations,  Masonry,  Carpentry, 
Metal  Work,  Roads,  Railways,  Canals,  Rivers, 
Water  Works,  Harbors,  etc.  With  numerous  tables 
and  illustrations.  Twentieth  edition.  Thoroughly 
revised  by  W.  J.  Millar.  8vo,  cloth. . . .  6  50 


—  Machinery  and  Millwork.  Comprising  the  Geom- 
etry, Motions,  Work,  Strength,  Construction,  and 
Objects  of  Machines,  etc.  Illustrated  with  nearly 
300  wood  cuts.  Seventh  edition.  Thoroughly  revised 
by  W.  J.  Millar.  8vo,  cloth 500 


-The   Steam   Engine  and  other  Prime   Movers. 


With  diagram  of  the  Mechanical  Properties  of 
Steam-folding  plates,  numerous  tables  and  illustra- 
tions. Thirteenth  edition.  Thoroughly  revised  by 
W.  J.Millar.  8vo,  cloth 500 


—  Useful  Rules  and  Tables  for  Engineers  and 
Others.  With  appendix,  tables,  tests,  and  formulae 
for  the  use  of  Electrical  Engineers.  Comprising 
Submarine  Electrical  Engineering,  Electric  Lighting, 
and  Transmission  of  Power.  By  Andrew  Jamieson, 
C.  E.,  F.  R  S.  E.  Seventh  edition.  Thoroughly 
revised  by  W.  J.  Millar.  Crown  8vo,  cloth 4  00 


A  Mechanical  Text-Book.     By  Prof.  Macquorn 

Rankine  and  E  F.  Bamber,  C.  E.    With  numerous 
illustrations.    Fourth  edition.    8vo,  cloth 3  50 

BAPH  AEIi  (F.  C.).  ^Localisation  of  Faults  in  Electric 
Light  Mains.    8vo,  cloth 200 

BECKENZAUN  (A.).    Electric  Traction  on  Railways 

and  Tramways.    213  illustrations.    12mo,  cloth 4  00 
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REED'S    ENGINEERS'    HAND-BOOK     to     the 

Local  Marine  Board  Examinations  for  Certificates 
of  Competency  as  First  and  Second  Class  Engineers. 
By  W.  H.  Thorn.  With  the  answers  to  the  Elemen- 
tary Questions.  Illustrated  by  297  diagrams  and  36 
large  plates.  Seventeenth  edition,  revised  and  en- 

larged.    8vo,  cloth 5  00 

—  Key  to  the  Seventeenth  Edition  of  Reed's 
Engineer's  Hand-book  to  the  Board  of  Trade  Exami- 
nations for  First  and  Second  Class  Engineers  and 
containing  the  working  of  all  the  questions  given  in 
the  examination  papers.  By  W.  H  Thorn.  8vo, 
cloth ; 300 

— —  Useful  Hints  to  Sea-going  Engineers,  and  How  to 
Kepair  and  Avoid  "  Break  Downs;  "  also  Appendices 
Containing  Boiler  Explosions,  Useful  Formulae, 
etc.  With  36  diagrams  and  4  plates.  Second  edition, 
revised  and  enlarged.  12mo,  cloth 1  50 


-Marine  Boilers:   A  Treatise  on  the  Causes  and 


Prevention  of  their  Priming,  with  Remarks  on  their 
General  Management.  Illustrated.  12mo,  cloth...  200 

REINHARDT  (CHAS.  W.).  Lettering  for  Drafts- 
men, Engineers  and  Students.  A  Practical  System 
of  Free-hand  Lettering  for  Working  Drawings. 
Thoroughly  revised  and  largely  rewritten.  Thir- 
teenth thousand.  Oblong,  boards 100 

BICE    (J.    M.).,    and  JOHNSON,  W.  TV.     On  a 

New  Method  of  obtaining  the  Differential  of  Func- 
tions, with  especial  reference  to  the  Newtonian 
Conception  of  Rates  or  Velocities.  12mo,  paper ....  50 

RINGWAM  (J.  Ii.).  Development  of  Transporta- 
tion Systems  in  the  United  States,  Comprising  a 
Comprehensive  Description  of  the  leading  features 
of  advancement  from  the  colonial  era  to  the  present 
time.  With  illustrations.  Quarto,  half  morocco ..  7  50 

RIPPER  (WIIXIAM).  A  Course  of  Instruction  in 
Machine  Drawing  and  Design  for  Technical  Schools 
and  Engineer  Students.  With  52  plates  and  numer- 
ous explanatory  engravings.  Folio,  cloth 6  00 

ROEBL.ING  (J.  A.).  Long  and  Short  Span  Railway 
Bridges.  Illustrated  with  large  copperplate 
A  engravings  of  plans  and  views.  Imperial  folio, 
cloth 2500 
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ROGERS  (Prof.  H.  D.).  The]  Geology  of  Pennsyl- 
vania. A  Government  Survey,  with  a  General  View 
of  the  Geology  of  the  United  States,  essays  on  the 
Coal  Formation  and  its  Fossils,  and  a  description  of 
the  Coal  Fields  of  North  America  and  Great 
Britain.  Illustrated  with  plates  and  engravings  in 
the  text.  3  vols.,  4to,  cloth,  with  portfolio  of  maps.  15  00 

ROSE  (JOSHUA,  M.  E.).  The  Pattern-Makers' 
Assistant.  Embracing  Lathe  Work,  Branch  Work, 
Core  Work,  Sweep  Work,  and  Practical  Gear  Con- 
structions, the  Preparation  and  Use  of  Tools, 
together  with  a  large  collection  of  useful  and  valu- 
able Tables.  Tenth  edition.  Illustrated  with  250 
engravings.  8vo,  cloth 2  5( 


-  Key  to  Engines  and  Engine-running.   A  Practical 


Treatise  upon  the  Management  of  Steam  Engines 
and  Boilers  for  the  Use  of  Those  who  Desire  to  Pass 
an  Examination  to  Taae  Charge  of  an  Engine  or 
Boiler.  With  numerous  illustrations,  and  Instruc- 
tions Upon  Engineers'  Calculations,  Indicators, 
Diagrams,  Engine  Adjustments,  and  other  Valuable 
Information  necessary  for  Engineers  and  Firemen. 
12mo,  cloth 250 

SABIXE  (ROBERT).  History  and  Progress  of  the 
Electric  Telegraph.  With  descriptions  of  some  of 
the  apparatus.  Second  edition,  with  additions. 
12mo,  cloth 1  25 

SAEI/TZER  (ALEX.).  Treatise  on  Acoustics  in  con- 
nection with  Ventilation.  12mo,  cloth 100 

SALOMONS  (Sir  DAVID,  M.  A.).  Electric  Light 
Installations.  A  Practical  Hand-book.  Eighth 
edition,  revised  and  enlarged,  with  numerous  illus- 
trations. Vol.  I.  The  management  of  Accumula- 
tors, 12mo,  cloth 150 

Vol.    II.,  Apparatus,  296  illustrations.    12mo,  cloth.  2  25 
Vol.  HI.,  Applications.     12mo,  cloth 1  50 

SANFORD    (P.    GERALD).     Nitro-Explosives.     A 
Practical  Treatise  concerning  the  Properties,  Manu- 
facture and  Analysis  of  Nitrated  Substances,  includ- 
>  ing  the  Fulminates,  Smokeless  Powders  and  Cellu- 
loid.   8vo,  cloth,  270  pages 300 

SAUNNIER  (CLAUDIUS).  Watchmaker's  Hand- 
book. A  Workshop  Companion  for  those  engaged 
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in  Watchmaking  and  allied  Mechanical  Arts.  Trans- 
lated by  J.  Tripplin  and  E.  Rigg.  Second  edition, 
revised  with  appendix.  12mo,  cloth 350 

SCHEUEN  (Dr.  H.).  Magneto-Electric  and  Dynamo- 
Electric  Machines:  their  Construction  and  Practical 
Application  to  Electric  Lighting,  and  the  Transmis- 
sion of  Power.  Translated  from  the  third  German 
edition,  by  N.  S.  Keith  and  Percy  Neymann,  Ph.  D, 
With  very  large  additions  and  notes  relating  to 
American  Machines,  by  N.  S.  Keith.  Vol.  I.,  with  353 
illustrations.  Second  edition 5  00 

SCHUMANN  (F.).  A  Manual  of  Heating  and  Venti- 
lation in  its  Practical  Application,  for  the  use  of 
Engineers  and  Architects.  Embracing  a  series  of 
Tables  and  Formulae  for  dimensions  of  heating,  flow 
and  return  pipes  for  steam  and  hot-water  boilers, 
flues,  etc.  12mo,  illustrated,  full  roan 1  50 

SCRIBNER  (J.  M.).  Engineers'  and  Mechanics' 
Companion.  Comprising  United  States  Weights  and 
Measures.  Mensuration  of  Superfices  and  Solids, 
Tables  of  Squares  and  Cubes,  Square  and  Cube  Roots, 
Circumference  and  Areas  of  Circles,  the  Mechanical 
Powers,  Centres  of  Gravity,  Gravitation  of  Bodies, 
Pendulums,  Specific  Gravity  of  Bodies,  Strength, 
Weight,  and  Crush  of  Materials,  Water- Wheels, 
Hydrostatics,  Hydraulics,  Statics,  Centres  of  Per- 
cussion and  Gyration,  Friction  Heat,  Tables  of  the 
Weight  of  Metals,  Scantling,  etc.,  Steam  and  the 
Steam  Engine.  Twentieth  edition  revised.  16mo, 
fullmorocco 1  50 

SEATON  (A.  E.).  A  Manual  of  Marine  Engineering. 
Comprising  the  Designing,  Construction  and  Work- 
ing of  Marine  Machinery.  With  numerous  tables 
and  illustrations  reduced  from  Working  Drawings. 
Fourteenth  edition.  Revised  throughout,  with  an 
additional  chapter  on  Water  Tube  Boilers.  8vo., 
cloth 600 


and  ROUNTHWAITE  ( H.  M.).    A  Pocket- 


book  of  Marine  Engineering  Rules  and  Tables.  For 
the  use  of  Marine  Engineers  and  Naval  Architects, 
Designers,  Draughtsmen,  Superintendents,  and  all 
engaged  in  the  design  and  construction  of  Marine 
Machinery,  Naval  and  Mercantile.  Fifth  edition, 
revised  and  enlarged.  Pocket  size.  Leather,  with 
diagrams.  12mo.  morocco  Illustrated. 3  00 
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SEXTON  (A.  HUMBOLDT).    Fuel  and  Refractory 

Materials.    8vo ,  cloth 2  00 

SHIELDS  (J.  E.)»  NoteS  on  Engineering  Construc- 
tion. Embracing  Discussions  of  the  Principles 
involved,  and  Descriptions  of  the  Material  employed 
in  Tunnelling,  Bridging,  Canal  and  Road  Building, 
etc.  12mo,  cloth 1  50 

SHOCK  ( WM.  H.).  Steam  Boilers :  Their  Design, 
Construction  and  Management.  4to,  half  morocco.  15  00 

SHBEVE  (S.  H.).  A  Treatise  on  the  Strength  of 
Bridges  and  Roofs.  Comprising  the  determination 
of  Algebraic  formulas  for  strains  in  Horizontal, 
Inclined  or  Rafter,  Triangular,  Bowstring,  Lenticu- 
lar, and  other  Trusses,  from  fixed  and  moving  loads, 
with  practical  applications  and  examples,  for  the 
use  of  Students  and  Engineers.  87  woodcut  illus. 
Fourth  edition.  8vo,  cloth  3  50 

SHUNK  (W.  F.).  The  Field  Engineer.  A  Handy 
Book  of  practice  in  the  Survey,  Location,  and  Truck- 
work  of  Railroads,  containing  a  large  collection  of 
Rules  and  Tables,  original  and  selected,  applicable 
to  both  the  Standard  and  Narrow  Gauge,  and  pre- 
pared with  special  reference  to  the  wants  of  the 
young  Engineer.  Fourteenth  edition,  revised  and 
enlarged.  12mo,  morocco,  tucks 2  50 

SIMMS  (F.  W.).  A  Treatise  on  the  Principles  and 
Practice  of  Levelling.  Showing  its  application  to 
purposes  of  Railway  Engineering,  and  the  Con- 
struction of  Roads,  etc.  Revised  and  corrected, 
with  the  addition  of  Mr.  Laws'  Practical  Examples 
for  setting  out  Railway  Curves.  Illustrated.  8vo, 
cloth 2  50 

4  IMMS  (W.  F.).  Practical  Tunnelling.  Fourth  edition, 
revised  and  greatly  extended.  With  additional 
chapters  illustrating  recent  practice  by  D.  Kinnear 
Clark.  With  36  plates  and  other  illustrations.  Im- 
perial 8vo,  cloth 12  00 

SLATER  (J.  W.).  Sewage  Treatment,  Purification, 
and  Utilization.  A  Practical  Manual  for  the  Use  of 
Corporations,  Local  Boards,  Medical  Officers  of 
Health,  Inspectors  of  Nuisances,  Chemists,  Manu- 
facturers, Riparian  Owners,  Engineers,  and  Rate- 
payers. 12mo,  cloth 2  35 
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SMITH  (ISAAC  W.,  C.  E.).  The  Theory  of  Deflec- 
tions and  of  Latitudes  and  Departures.  With  special 
applications  to  Curvilinear  Surveys,  for  Alignments 
of  Railway  Tracks.  Illustrated.  16mo,  morocco, 
tucks 300 

8NEIX  (A1LBION  T.).  Electric  Motive  Power:  The 
Transmission  and  Distribution  of  Electric  Power  by 
Continuous  and  Alternate  Currents  With  a  Section 
on  the  Applications  of  Electricity  to  Mining  Work. 
Second  edition.  8vo,  cloth,  illustrated 4  00 

SPEYEBS  (CLARENCE  Ii.).  Text-Book  of  Physi- 
cal Chemistry.  8vo,  cloth 2  25 

STAHX  (A.  W.),  and  A.  T.  WOODS.  Elementary 
Mechanism.  A  Text-Book  for  Students  of  Mechanical 
Engineering.  Meventh  ediuou,  enlarged.  12mo, 
cloth 2  00 

STAGEY  (CADY),  and  PIEBSON,  GEO.  S.  The 
Separate  System  of  Sewerage:  its  Theory  and  Con- 
struction. Third  edition,  revised.  8vo,  cloth.  With 
maps,  plates  and  illustrations . .  3  00 

STEVENSON  (DAVID,  F.B.S.N.).  The  Principles 
and  Practice  of  Canal  and  River  Engineering.  Re- 
vised by  his  sons  David  Alan  Stevenson,  B.  !sc.,  F.  R. 
S.E.,  and  Charles  Alexander  Stevenson,  B.  Sc.,  F.R. 
S.E.,  Civil  Engineer.  Third  edition,  w'th  17  plates, 
8vo,  cloth 10  00 

The  Design  and  Construction  of  Harbors,  A 

Treatise  on  Maritime  Engineering.  Third  edition 
with  24.  plates,  8vo,  cloth 10  00 

STEWART  (B.  W.).  A  Text  Book  of  Light,  Adapted 
to  the  Requirements  of  the  Intermediate  Science 
and  Preliminary  Scientific  Examinations  of  the  Uni- 
versity of  London,  and  also  for  General  Use, 
Numerous  Diagrams  and  Examples.  12mo,  cloth..  100 

STEWABT  (B.  W.).  A  Text  Book  of  Heat,  Illus- 
trated, 8vo,  cloth 1  00 


A  Text  Book  of  Magnetism  and  Electricity,    160 


Illus.  and  Numerous  Examples.    12mo,  cloth 1  00 

STILES  (AMOS).  Tables  for  Field  Engineers.  De- 
signed for  use  in  the  field.  Tables  containing  all 
the  functions  of  a  one  degree  curve,  from  which  a 
corresponding  one  can  be  found  for  any  required 
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degree.  Also,  Tables  of  Natural  Sines  and  Tangents. 
12mo,  morocco,  tucks 2  06 

STIIXMAN  (PATO).  Steam  Engine  Indicator  and 
the  Improved  Manometer  Steam  and  Vacuum 
Gauges;  their  Utility  and  Application.  New  edition. 
12mo,  flexible  cloth..  100 

STONE  (General  BOY).  New  Roads  and  Road  Laws 
in  the  United  States.  200  pages,  with  numerous 
illustrations.  12mo.  cloth 1  00 

STUART  (C.  B.,  U.  S.  N.).  Lives  and  Works  of  Civil 
and  Military  Engineers  of  America.  With  10  steel- 
plate  engravings.  8vo,  cloth 5  00 

. The  Naval  Dry  Docks  of  the  United  States.  Illus- 
trated with  24  fine  Engravings  on  Steel.  Fourth 
edition.  4to,  cloth 6  00 

SWINTON  (A!LAN  A.  CAMPBEIX).  The  Elemen- 
tary Principle  of  Electric  Lighting.  Illustrated. 
12mo,  cloth 60 

TEMPUETON  (WM.).  The  Practical  Mechanic's 
Work-shop  Companion.  Comprising  a  great  variety 
of  the  most  useful  rules  and  formulae  in  Mechanical 
Science,  with  numerous  tables  of  practical  data  and 
calculated  results  facilitating  mechanical  opera- 
tions. Revised  and  enlarged  by  W.  S.  Hutton. 
12mo,  morocco 2  00 

THOM  (CHAS.),  and  TYIIXIS  H.  JONES.  Tele- 
graphic Connections:  embracing  Recent  Methods  in 
Quadruple*  Telegraphy.  Oblong,  8vo,  cloth.  30  full 
page  plates,  some  colored 1  50 

THOMPSON  (EDWARD  P.,  M.  E.).  How  to 
Make  Inventions;  or.  Inventing  as  a  Science  and  an 
Art.  A  Practical  Guide  for  Inventors.  Second 
edition.  8vo,  boards  1  00 

•  Roentgen  Rays  and  Phenomena  of  the  Anode  and 
Cathode.  Principles,  Applications  and  Theories. 
For  Students,  Teachers,  Physicians,  Photographers, 
Electricians  and  others.  Assisted  by  Louis  M. 
Pignolet,  N.  D.  C.  Hodges,  and  Ludwig  Gutmann,  E. 
E.  With  a  Chapter  on  Generalizations,  Arguments, 
Theories,  Kindred  Radiations  and  Phenomena.  By 
Professor  Wm.  Anthony.  8vo,  cloth.  50  Diagrams, 
40  Half  tones 1  50 
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TODD  (JOHN),    and    W.    B.    WHAIX.    Practical 

Seamanship  for  Use  in  the  Merchant  Service :  Includ- 
ing all  ordinary  subjects;  also  Steam  Seamanship, 
Wreck  Lifting,  Avoiding  Collision,Wire  Splicing,  Dis- 
placement, and  everything  necessary  to  be  known 
by  seamen  of  the  present  day.  Second  edition,  with 
247  illustrations  and  diagrams.  8vo,  cloth 8  00 

TOOTHED  GEARING.  A  Practical  Hand-book  for 
Offices  and  Workshops.  By  a  Foreman  Pattern- 
maker. 184  Illustrations .  12mo,  cloth 2  25 

TBATMAN  (E.  E.  RUSSEUL).  Railway  Track  and 
Track  Work.  With  over  two  hundred  illustrations. 
8vo,  cloth ^00 

TREYERT  (EDWARD).  How  to  Build  Dynamo 
Electric  Machinery,  embracing  Theory  Designing 
and  Construction  of  Dynamos  and  Motors.  With 
appendices  on  Field  Magnet  and  Armature  Winding, 
Management  of  Dynamos  and  Motors,  and  Useful 
Tables  of  Wire  Gauges.  Illustrated.  8vo,  cloth  ...  2  50 
-  Electricity  and  its  Recent  Applications.  A  Prac- 


tical Treatise  for  Students  and  Amateurs,  with  an 
Illustrated  Dictionary  of  Electrical  Terms  and 
Phrases.  Illustrated.  12mo,  cloth 2  00 

TUCKER  (Dr.  J.  H.).  A  Manual  of  Sugar  Analysis, 
including  the  Applications  in  General  of  Analytical 
Methods  to  the  Sugar  Industry.  With  an  Introduc- 
tion on  the  Chemistry  of  Cane  Sugar.  Dextrose, 
Levulose,  and  Milk  Sugar.  8vo,  cloth.  Illustrated.  3  50 

TUMLJRZ  (Dr.  O.).  Potential  and  its  Application  to 
the  Explanation  of  Electric  Phenomena,  Popularly 
Treated.  Translated  from  the  German  by  D.  Robert- 
son. Illustrated.  12mo,  cloth 125 

TUNNER  (P.  A.).  Treatise  on  Roll-Turning  for  the 
Manufacture  of  Iron.  Translated  and  adapted  by 
John  B.  Pearse,  of  the  Pennsylvania  Steel  Works, 
with  numerous  engravings,  wood-cuts.  8vo,  cloth, 
with  folio  atlas  of  plates 10  00 

URQUHART  (J.  W.).  Electric  Light  Fitting.  Em- 
bodying Practical  Notes  on  Installation  Management. 
A  Hand-book  for  Working  Electrical  Engineers — 
with  numerous  illustrations.  12mo,  cloth 2  00 

Electro-Plating.  A  Practical  Hand-book  on  the 

Deposition  of  Copper,  Silver,  Nickel,  Gold,  Brass, 
Aluminum,  Platinum,  etc.  Fourth  edition.  12mo..  2  00 


SCIENTIFIC   PUBLICATIONS.  37 

UBQUHART,  (J.  W.).  Dynamo  Construc-tion :  a 
Practical  Hand-book  for  the  Use  of  Engineer  Con- 
structors and  Electricians  in  Charge,  embracing 
Frame  Work  Building,  Field  Magnet  and  Armature 
Winding  and  Grouping,  Compounding,  etc.,  with 
Examples  of  Leading  English,  American  and  Con- 
tinental Dynamos  and  Motors,  with  numerous  illus- 
raiions.  12mo,  cloth  3  00 

— - —  Electric  Ship  Lighting.  A  Hand-book  on  the 
Practical  Fitting  and  Running  of  Ship's  Electrical 
Plant.  For  the  Use  of  Ship  Owners  and  Builders, 
Marine  Electricians  and  Sea  Going  Engineers-in- 
Charge.  Numerous  illustrations.  12mo,  cloth 3  00 

UNIVERSAL  TELEGRAPH  CIPHER  CODE. 

Arranged  for  General  Correspondence.  12mo,  cloth.  1  00 

VAN  NOSTRAND'S  ENGINEERING  MAGA- 
ZINE. Complete  sets,  1869  to  1886  inclusive. 

Complete  sets,  35  vols.,  in  cloth  60  00 

Complete  sets,  35  vols.,  in  half  morocco 100  00 

VAN  WAGENEN  (T.  F.).  Manual  of  Hydraulic 
Mining.  For  the  Use  of  the  Practical  Miner. 
Revised  and  enlarged  edition.  18mo,  cloth 1  00 

WALKER  (SIDNEY  F.).  Electric  Lighting  for 
Marine  Engineers,  or  How  to  Light  a  Ship  by  the 
Electric  Light  and  How  to  Keep  the  Apparatus  in 
Order.  103  illustrations.  8vo,  cloth.  Second  edition.  2  00 

WALLIS-TAYLER  (A.  J.).  Modern  Cycles.  A 
Practical  Hand-book  on  their  Construction  and 
Repair.  With  300  illustrations.  8vo,  cloth 4  00 

Motor  Cars,  or  Power  Carriages  for  Common 

Roads.  8vo,  cloth,  with  numerous  illustrations 1  80 

Bearings  and  Lubrication.  A  Hand-book  for 

every  user  of  Machinery.  8vo,  cloth,  fully  illus- 
trated  1  50 

• Refrigeration  and  Cold  Storage,  and  Ice-rnaking. 

A  practical  treatise  on  the  art  and  science  of  refrig- 
eration. With  361  cuts  and  diagrams.  8vo.  Cloth. 
Illustrated .net  4  50 


Sugar  Machinery.   A  Descriptive  Treatise  devoted 

to  the  Machinery  and  Apparatus  used  in  the  Manu- 
facture of  Cane  and  Beet  Sugars.  12mo,  cloth. 
Illustrated 3  Ofl 
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WANKL.YN  (J.  A.).  A  Practical  Treatise  on  the 
Examination  of  Milk  and  its  Derivatives,  Cream, 
Butter,  and  Cheese.  12mo,  cloth 1  00 

— Water  Analysis.  A  Practical  Treatise  on  the 

Examination  of  Potable  Water.  Tenth  Edition. 
12mo,cloth i 200 

WANSBROUGH  (WM.  D.).  The  A.  B.  C.  of  the 

Differential  Calculus.  12mo,  cloth 1  50 

WARD  (J.  H.).  Steam  for  the  Million.  A  Popular 
Trea'ise  on  Steam,  and  its  application  to  the  Useful 
Arts,  especially  to  Navigation.  8vo,  cloth  1  00 

"WARING  (GEO.  E.,  Jr.).  Sewerage  and  Land 
Drainage.  Illustrated  with  wood-cuts  in  the  text, 
and  full-page  and  folding  plates.  Quarto.  Cloth. 
Third  edition 6  00 

Modern  Methods  of  Sewage  Disposal  for  Towns, 

Public  Institutions  and  Isolated  Houses.  Second 
~  edition,  revised  and  enlarged.  260  pages.  Illus- 
trated. Cloth 200 

How  to  Drain  a  House.  Practical  Information 

for  Householders.  New  and  enlarged  edition.  12mo, 
cloth 1  25 

WATSON  (E.  P.).  Small  Engines  and  Boilers.  A 
Manual  of  Concise  and  Specific  Directions  for  the 
Construction  of  Small  Steam  Engines  and  Boilers  of 
Modern  Types  from  five  Horse-power  down  to  model 
sizes.  12mo,  cloth.  Illustrated  with  Numerous  Dia- 
grams and  Half  Tone  Cuts.  New  York,  1899 1  25 

WATT  (ALEXANDER).  The  Electro-plating  and 
Electro-refining  of  Metals  :  being  a  new  edition  of 
Alexander  Watt's  "  Electro-deposition."  Revised 
and  largely  rewritten  by  Arnold  Philip,  B.Sc.  With 
numerous  figures  and  engravings.  8vo.  Cloth.  Il- 
lustrated   net  4  50 

Electro-Metallurgy  Practically  Treated.  Tenth 

edition,  considerably  enlarged.  12mo,  cloth 1  00 

The  Art  of  Soap-Making.  A  Practical  Hand-book 

of  the  Manufacture  of  Hard  and  Soft  Soaps,  Toilet 
Soaps,  &c.  Including  many  New  Processes,  and  a 
Chapter  on  the  Recovery  of  Glycerine  from  Waste 
Levs.  With  illustrations.  Fourth  edition,  revised 
and  enlarged.  8vo 3  00 
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WATT  (ALEXANDER).  The  Art  of  Leather  Manu- 
facture. Being  a  Practical  Hand-book,  in  which 
the  Operations  of  Tanning,  Currying,  and  Leather 
Dressing  are  Fully  Described,  and  the  Principles  of 
Tanning  Explained,  ,and  many  Recent  Processes 
Introduced.  With  numerous  illustrations.  Second 
edition.  8vo,  cloth 4  00 

WEALE  (JOHN).  A  Dictionary  of  Terms  Used  in 
Architecture,  Building,  Engineering,  Mining,  Metal- 
lurgy. Archaeology,  the  Fine  Arts  etc..  with  explana- 
tory observations  connected  with  applied  Science 
and  Art.  Fifth  edition,  revised  and  corrected.  12mo, 
cloth 2  50 

Weale's  Rudimentary  Scientific  Series  (Catalogue 

sent  on  application). 

WEBB  (HERBERT  LAWS).  A  Practical  Guide  to 
the  Testing  of  Insulated  Wires  and  Cables.  Illus- 
trated. 12mo,  cloth 1  00 

The    Telephone   Hand-book.      128  illustrations. 

146  pages.    16mo,  cloth 100 

WEEKES  (R.  W.).  The  Design  of  Alternate  Current 

Transformers.    Illustrated.    12mo,  cloth 1  00 

WEISBACH  (JULIUS).  A  Manual  of  Theoretical 
Mechanics.  Ninth  American  edition.  Translated 
from  the  fourth  augmented  and  improved  German 
edition,  with  an  Introduction  to  the  Calculus  by 
Eckley  B.  Coxe,  A.  M.,  Mining  Engineer.  1,100  pages, 

and  902  wood-cut  illustrations.    8vo,  cloth 6  00 

Sheep 750 

WESTON  (EDMUND  B.).  Tables  Showing  Loss  of 
Head  Due  to  Friction  of  Water  in  Pipes.  Second 
edition.  12mo,  leather 1  50 

WEYMOUTH  (F.  MARTEN).  Drum  Armatures 
and  Commutators.  (Theory  and  Practice.)  A  com- 
plete Treatise  on  the  Theory  and  Construction  of 
Drum  Winding,  and  of  commutators  for  closed  coil 
armatures,  together  with  a  full  resume  of  some  of 
the  principal  points  involved  in  their  design,  and  an 
exposition  of  armature  re-actions  and  sparking. 
8vo,  cloth 300 

WHITE  (W.  H.,  K.C.B.).  A  Manual  of  Naval  Archi- 
tecture, for  use  of  Officers  of  the  Royal  Navy,  Offi- 
cers of  the  Mercantile  Marine,  Yachtsmen,  Ship- 
owners and  Shipbuilders.  Containing  many  figures, 
diagrams  and  tables.  Thick  8vo,  cloth,  illus 9  00 
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WHEELER  (Prof.  J.  B.).  Art  of  War.  A  Course 
of  Instruction  in  the  Elements  of  the  Arc  and 
Science  of  War,  for  the  Use  of  the  Cadets  of  the 
United  States  Military  Academy,  West  Point,  N.  Y. 
12mo,  cloth 175 

Field  Fortifications.  The  Elements  of  Field  Forti- 
fications, for  the  Use  of  the  Cadets  of  the  United 
States  Military  Academy,  West  Point,  N.  Y.  12mo.  1  75 

WHIFFLE  (S.,  C.  E.).  An  Elementary  and  Practical 
Treatise  on  Bridge  Building.  8vo,  cloth 3  00 

WILKINSON  (H.  D.).  Submarine  Cable-Laying, 

Repairing  and  Testing.  8vo,  cloth . .  4  00 

WILLIAMSON  (B.  S.).  On  the  U.-e  of  the  Barome- 
ter on  Surveys  and  Reconnoiss-ances.  Part  I  Mete- 
orology in  its  Connection  with  Hypsometry.  Part  II. 
Barometric  Hypsometry.  With  illustrative  tables 
and  engravings,  4to,  cloth 1500 

WILLIAMSON  (E.  S.).  Practical  Tables  in  Meteo- 
rology and  Hpsometry,  in  connection  with  the  use 
of  the  Barometer.  4to,  cloth 2  50 

WILSON  (GEO.).  Inorganic  Chemistry,  with  New 
Notation.  Revised  and  enlarged  by  H.  G.  Madan. 
New  edition.  I2mo,  cloth  2  00 

WOODBUBY  (D.  V.).  Treatise  on  the  Various  Ele- 
ments of  Stability  in  the  Well-Proportioned  Arch. 
8vo,  half  morocco 4  00 

WBIGHT  (T.  W.).  A  Treatise  on  the  Adjustment  of 
Observations.  With  applications  to  Geodetic  Work, 
and  other  Measures  of  Precision.  8yo,  cloth 4  00 

• Elements  of  Mechanics;  including  Kinematics, 

Kinetics  and  Statics.  \Vithapplication.  8vo,  cloth..  250 

WYLIE  (CLAUDE).  Iron  and  Steel  Founding.  Illus- 
trated with  39  diagrams.  Second  edition,  revised 
and  enlarged.  8vo,  cloth. . .  2  00 

YOUNG  (J.  ELTON).  Electrical  Testing  for  Tele- 
graph Engineers,  with  Appendices  consisting  of 
Tables.  8vo,  cloth.  Illustrated 4  00 

YOUNG  SEAMAN'S  MANUAL.  Compiled  from 
Various  Authorities,  and  Illustrated  with  Numerous 
Original  and  Select  Designs,  for  the  Use  of  the 
United  States  Training  Ships  and  the  Marine 
Schools.  8vo,  half  roan 3  00 

ZIPSEB  (JULIUS).  Textile  Raw  Materials,  and  their 
Conversion  into  Yarns.  Translated  from  the  Ger- 
man by  Chas.  Salter.  8vo,  cloth.  Illustrated 500 
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No.  60.— STRENGTH  OF  WROUGHT-IRON  BRIDGE  MEM- 
BERS. By  S.  W.  Robinson,  C.E. 

NO. 61.— POTABLE  WATER  AND  METHODS  OF  DETECT- 
ING IMPURITIES.  By  M.  N.  Baker. 

No.6a.~THE  THEORY  OF  THE  GAS-ENGINE.  By 
Dougald  Clerk.  Second  edition.  With  additional 
matter.  Edited  by  F.  E.  Idell,  M.E. 

No.  68.— HOUSE  DRAINAGE  AND  SANITARY  PLUMB- 
ING. By  W.  P.  Gerhard.  Sixth  edition.  Re- 
vised. 

No.  64.—  ELECTRO-MAGNETS.     By  A.  N.  Muiislield. 

No.  65.-POCKET  LOGARITHMS  TO  FOUR  PLACES  OF 
DECIMALS. 

No.  66.-DYNAMO-ELECTRIC   MACHINERY.      By    S.    P. 

Thompson.    With  ivotes  by  F.  L.  Pope.    Third 

edition. 
NO.  67.— HYDRAULIC  TABLES  BASED  ON    "  KUTTER'S 

FORMULA."    By  P.  J.  Flynn. 
No.  68.— STEAM-HEATING.     By  Robert    Briggs.       Third 

edition,  revised,  with  additions  by  A.  R.  W?lff. 
No.  69.— CHEMICAL   PROBLEMS.    By  Prof.  J.  C.  Foye. 

Third  edition,  revised  and  enlarged. 
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